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Prof. E. A. Minohin, M.A., Vice-Presitlenfcj ■ 
ill the Oliair. 

Tlie Becretary exhibited a, series of photograplis ta,kei:l in tlie 
South Orkneys in 1.903 by a comN%c>ndent of OOie Times,’ and 
kindly seiit to bini^ the Eilitor of ‘ Tlie ’rimes.’ The plioto-^ 
graphs inriudod views of vscenery and an interesting series of 
studicss of living Seids^ mudi as, th Seh-Leopard (Af^/wr/u/ac/ma 
kptoiii/x)^ Wedtlellls Beal (LepiOniJahotm v^adddli)^ tlie White, 
or Orab-ea.ting Beal {Lolmdon cdfcmdphckjaH), find ISosss Beal 
{Ommato2}ha<j((>rQBHi). 

Mr* Tl. I. Poeock, tf.L.B., E.Z.S,, exhibited a living’ spoeiinei’i 
of a Mole-Rat {<JeA>nlehim) recently present(ul to the Bocaety by 
(japt. 0. IL Arinitfig^^ who brought it from Ashanti. Mr. Po(*ock 
rennuked that t\i<^ pos^sibly feelongetl to' tlie species from 

Togoland desci'ibed by Matsclile as ze:Ghh oaid certainly repre- 
sented a form never previously exlufeited in tlie' Ckti-dens/ 
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1. The Caiuhil Fin of the Teleostomi. 
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[Received February 4, 1910.] 

(Plat, as XLVII.-L.t and Text -figure 57.) 

Contents. 

1 . Iiitroduction, p. 590. 

2. Tenninology, p. 592. 

3. Morpliology, p. o93. 

4. General Conclusions, p. 620. 

5. Additional Note, p, 623. 

1, Introduction, 

While the study of the paired tins of fishes, and also the dorsal 
and anal among the median unpaired fins, has been prosecuted in 
great detail, a systematic, detailed investigation of the caudaTfin 
seems to have received much less attention. Some authors have 
dealt somewhat extensively with the subject, yet these have only 
treated of a comparatively few species ; it was thought advisal)le, 
therefore, that such an important organ as the caudal fin oMisbes 
should receive a broad treatment, and to carry out tins purpose, 
several scores of different species have been subjected to a detailed 
examination of the skeletal parts of the fin. The number treated 
of mcludes species from as many widely di.fierent families as it 
has been possible to obtain, so that almost every form of tail 
likely to occur should be made known. It is impossible to include 
every type examined in the present paper, but the subject will be 
cx)mplek¥l at as early a date as possible. 

T,iie Teleostei will receive the fullest treatment, but some 
reference will bo made to other groups for the sake of presenting 
Ur more complete 'account of the piscdne ta.ildin. It has' l)eeii 
ii'iipossiblii, as yet, tO' investigate. the tail of the ''Dipnoi, but ; it is 
hoped, that tills , group also will be dealt with, in due coinse. ■ ' 

' M’ntes'iaTfor t}ie,work: has’ been obtained from various 'sources, 
the largest 'quantity having- been obtained -at Naples during my 
<K.U‘;iipn.tion of tb© Britisb Association table at the Zot)ioginil 
Station in that town, during the . six'' months' ended May, 1908. 
Other valuable material has been supplied to me by a iuiml)er of 
fi'itnuls. I should like to mention here that the whole invcstiga,- 
tion is due to the suggestion of the late P.i*ofessor Ihidge, If.E.S., 
under whose superintendence the work was carrie<i out ; it was a. 
plea-sure and fortune to have so able a critic and kindly adviser as 
my late revered teaclier. I wish also to express my ])est tlianks 
to the British Association for appointing me to occupy their table 

^ Ooaiinu Mica ted by Dr. P. CitAlMBKS Mitchell, M.A.. F.K.S. 
f For explatiatioa of tbe Platoa see )>. 625. 
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at the Naples Zoological Sta.tion. The many friends wlio leave 
supplied me with material and suggestions also have my best 
thanks. For the identification of most of the species I am greatly 
indebted to Dr, Lo Bianco of the Naples Zoological Station. 
Lastly, I am deeply grateful to the Birmingham Natural History 
and Philosophical Society and others, for grants without which 
the work could scarcely have been done. 

The dissections have been carried out as carefully as possible 
under the microscope, and it was found necessary in most cases 
to render the specimen transpai'ent by some clearing agent such 
as turpentine or xylol, in order to see exactly how the vertebral 
column ended, and to clear up any other doubtful points. 

Ill reviewing the literature on the subject of caudal fins, the 
very numerous casual references must be omitted for the present. 
Perhaps the earliest definite work relating to fishes’ tails is that 
of Agassiz in 1833, in which the author recognized two types of 
caudal fin, the heterocercal and homocercai ; the former term still 
retains its original meaning, but the latter was only used to 
indicate an externally symmetrical fin as distinguished from the 
asymmetrical heterocercal form. In a geological contribution by 
McOoy in 1848, the term diphycercal ” first appeared to desig- 
nate the truly symmetrical caudal fin; it is interesting to note 
that Cope in 1871 coined the term isocercal ” to mean the same 
thing, in ignorance, as that author states, of McOoy’l paper. 
Stamiius, in a text-book on the Yertebrata, published in 1854, 
gives considerable attention to the tail-fin; he refers to a very 
hi r*ge number of Teleosts, but with questionable accuracy. The 
most interesting featiiie of his remarks concerns his belief, whicli 
seems to be true, that the supports of the fin-rays are formed of 
arches and radials fused is quoted in support of this 

view,' ' 

* But it was in 1859 that Huxley first gave a correct clevScription 
and interpretation of the homocercai tail; lie exposed the ht-lse 
symmetry of form in Gasterosteus^ and traced its development. 
It is iinfortuniite that the promised account of tlie development of 
the eels tail never appeared, for the slight reference made to this 
form is of doubtful accuracy, due, no doubt, to only a superficial 
examination. Yery soon followed (in 1860) an excellent t^ssa.y 
on caudal fins among Oanoids and some Teleosts by Kdlh’ker, 
accompanied by valuable figures which have l)een reproduced 
almost universally since. Lotz followed in 1864 with a pa-pm* 
'containing little new work. 

A revival was given to the subject in 1878 by Alex. Agassiz in 
a short paper on the development of the tail of the flounder; Ids 
remarks had the effect of raising the inqiorta.ut question of tluj 
true m(a‘phology of the homocercai caudal fin. In 1882, 
E. T. Newton read a paper on Fishes’ Tails before the Quokett 
Microscopical Club ; this consisted of, a general I'oview of pfist 
work, together witii a description of the tail of the sprat ; the 
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' l,M)e inc)siw.M:)i)i]>re]u^rhsi work of all, however, was jaihlisliCMl, 
by Eyder ill 188(5 ; on the whole, it ■(Yinta.ined very usefol iitfor- 
inatioip hilt Ins figure of the tail of the young eei is wrong with 
:r(‘speet to tlie iieurivl arches. "Ryder’s suggestions on' the oi*ig!n 
of lieteroeerey are interesting and probably correct, tiiongh sonn-" 
what novel. Rydevr’s evolutionary series of the forms of the 
caudal fin has come to be acknovv}edge<.l as the order of {i|i|i(\‘irr ! !ce 
of tile difierent types in time. Tiie next work of inijiortMiu’e 
dealing with caiulal fins of fislies was w'litten in 189b liy Dollo in 
discus.sing‘ the pliylogeny of tlie Dipnoi : basing liis coucrMsions On 
geological evidences, he gives the terin gaphyrcicetcy a.n extra- 
(irdinarily wide application ; this arises froni the idea, stniugly 
tvpheld liy Dollo, tliat tlie present caudal ;fiii in many Telcosis 
is really a, posterioi' anal fin, brought into its present position 
liy complete atrophy of tlie real caanlal. IMh/s is tlie la.Kst of 
irripoidjant reinreiu'es regwling the taibChn 

Bonleiigeiy in 1901, in dealing wdth tlie fishes of the Congo, 
gave a good siiiiimary of work done. In 1907, (Iregory, in his 
work on the classification of Teleostoinous fishes, ina.kes (aintiniml 
references to tlie caudal fin ; but it is difiicult to reconcile nauiy 
of his statements: for iustance, the caudal fin oi 
is referred to as gephyrocercal, wliile in fact internally it is Cjuite 
a generalkerl homocercal type. As an a.p]jendix to tlie work, 
there was given an elaborate sclierne of the evolution of the 
caudal fin, which includes several new terms, considei*ed liy some 
as unnecessary. 

2. TERMINOLOGy. 

, In oixler to avoid any ambiguity, I have tliought it necessary to 
modify the meaning of several terms; vsome have been widened 
and othei's have been more restricted as regards their denotation . 
The reasons for such modifications are given in their respective 
paragraphs.:— ' ■ 

1. — This term is used in the generally a,(yiepted 
(hmoting the more or less elongated cone-Iikc terTiiiiiation of 
the vm-ttdiral dumn, a;ppeari ng as a prolongation of th(‘ last 
centriun. It i‘epi‘es 0 ntH th(3 fusion of several centra. 

2. Ih/pamaL — filiis adjective refers t(v any sti'iud^iire rnor}:>!u^i^ 

logically venti’al to tlK3 cdundal axis. 

Mpa-xiiil. — This adjectiviM^efers- to. aiiy . structure ir,itnpli(>l(>gicjii!y: 
dorsal to the chordal axis. 

4, Ifypimd , — Any hypaxial element having a, dir(H.‘t ronm‘<*i.ion 
with the chordal axis, and bearing one or jnor<i fin rays 
distally, will be called a hypural or hypui-al lionc. ]h,‘cvi< msl y, 
this term lias been xRsed rather loosely a.n<] in such a. way as 
to leave one in doubt as to its limitation ; the liinitaffivn gi\'cn 
above, eonceruing its direct connection with the {diorilal 
axis — n e. as a general rule, with centra — as will be siam 
later, both widens and naiTOW's the meaning of the term. • 
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^,^:Mpv;r(d. — This term ma,y be 'regarded as a.pplyiog to the dorsal 
hoinologue of tlie ventral hypuralj ru any epaxial element, 
lusving* direct continuity with the chordal a.xis, and liearing 
oH€i or more fin-riiys a,t its distal end, will be called an epnral 
or epiiral bone. It is only a,fter the most careful consideration 
that I have deci<ietl to change the deiiiiition of this term. I t 
was established by Huxley in 1859, and a|)pears to have been 
used by liiiii to intlicate those isolated ra,y-beai*ing bones 
situated iinroediately doi'sal to the nrostyle in Gasterostetos. 
The change suggested is ba,sed solely on my concbuvsions 
respecting the iml inoi'phological value of the several iin-ray 
supports, jind, reluctant as I am to nmke any changes in 
estaldished nomenclature, I believe the reiider will agree that 
the subject will be much simplified by the change. 

6. Radial . — The term radial is msed in its usual sense as synony- 

mous with “ interspinons bone” and “ somactid ” of some 
writers; it implies a more or less da.gger-like bone, primai*ily 
liaving no diiect continuity with the vertebral column, and 
supporting distally one or more fin-ra.y&. 

7. Lmt vertebral segnumt,— This term will refer to the last centrum 

|)lus urostyle, if such exists. The last centrum is never per- 
fect, {Uid is often no more than a cone, the apex of which is 
directed posteriorly. 

3. Moephology of Caudal Ifixs. 

Tliis section will be descriptive of a selection of caudal fins, and 
the order in wlihdi tiiey are dealt with corresponds essentiidly 
with the classification given by Sedgwick in his ^ Text- Book of 
Zoology/ Owing to lack of time arid iiiateia^il, the series is 
as complete as one would wish ; for example, only the Silurkhe 
among the Ostariopliysi receive attention, and the Symbranchii 
are completely omitted. Except for these sub-orders, however, 
the types are fairly representative of the others, at least of the 
T'cltMistei. Almost every example taken presents interesting 
features, but owing to the impossibility of including, in the 
})res(-)nt pa.|)er, figures of all the species treated, only the barest 
description of many forms can be attempted at present. 

A oiPENsmi sTuiiio. (Chondrostei, Acipenserichn.) (Plate XLYII. 

The Bturgeon presents a definitely lictex'oeercul tall ; the end of 
ilu^ caudal axis from the root of the tail-liri is directed upwa,rds, 
and the ventral lobe is enlarged, producing a very iinsymmetri('al 
lin. Ho centra aj/e formed from the notochoj*dal sheath. The 
ventral lobe of the fin is supjxirted by a very regular series of 
Isvpurals ; the name hyp ural has been a.pplied here, since these 
struckuros strictly comply with tim. definition. They are of 
particular interest, beci^ise, ,in the anterior part of the fin, where 
■■ they 
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ill tlie figure) ; proceeding backwards, as tliey become smaller, 
tliree segments ar‘e sliown, then two, and finally only one can be 
tra-ced. 'This segmentation is due, I believe, to the formation of the 
liypnin,] by tlie coalescence of radial with Ineniai ai'cli ; anterioiiy, 
the three segments, the proximal (p.), median (m .), and ^distal ((A), 
of the i-adials are present, the distal still reiiuiiiiing free ; from 
before, backwards, the fusion liecomes more perfect and finally 
ail trjice of it is lost This composite nature is a feature which 
substantiates the claim of these hypaxial supports to tlie 
title liyjiurah The dermotrichia constituting tlie ventral lobe 
(‘oiisiderably overlap their endoskeletal supports. l)orsa,l]y, tlie 
arches {>?..«.) and ludials (fZ.c.r.) remain distinct throvigliout the 
fin a.nd are less regular than the hyjiaxial elements. Tlie dorsal 
radials ai-e almost iiidden from view by the foiidng pi'oximal ends 
(removed in the figure) of the stout fulcra which fringe tlie margin 
of the dorsal lobe. The whole of the elements at the extremity of 
the tail are hidden by the dermotrichia. 

PoLYODON SPATULA, (Oliondrostei, Polyodontidse.) (Plate XLYII, 

fig. 3.) 

Externally the tail of Folyodon is very deceptive ; its syniinetry 
of form is most marked, and it resembles in outline tlie deeply 
cleft tail of some Teleosts. It is well-known, however, that on 
dissection it proves to be an excessively heterocercal type, tlie 
caudal axis being directed upwards and extending to the extremity 
of the dorsal lobe. .No centra are fo.rmed. Almost tlirougliont 
tlie tail -fin the neural arches (■??..«.) are single elements, and are 
soinewliat irregular in size, particularly towa.rds the extremity of 
the axis. Resting upon these arches are the radia-ls (cAc.r.) ; the 
first four or five are slender in build, but a.lmost throughout the 
fin tliey resemble the neural arches themselves. The^y too, are 
very irregula.r both in disposition, and size, and here and tliero 
they show >sign>s of having been more niinierons formerly, Tim 
vari()us eleineiits at the extremity of the axis are dilfimilt to clis- 
tinguish, owing to their sma.ll size and tendency to fusion; tim 
same .difficulty is e,xperienced ventrally in this ;regio.n. The radials 
are the iininediate supports of the fulcra (yi). 

'' '^rurning to the ventral .elements, a very .regular series presents 
itself, in striking contmt to the- do.rsal side : ther*e ' is.' a regular 
series of hypurals, very large at the xnot of thefin whm-e the hirgi^ 
dermotrichia of the ventral lobe are supported. As in .dcnpcn.s-cr, 
very many of these hypurals show distinct segmentation, tin is 
giving evideiKie of being composed of four successive elements, the 
distal of which, in the ca,se of the first seven supports, is <li,stinct 
and separate. The interpreta-tion seems to be tha,t each byptuid 
is composed of haimal arch and radial fused, the tri-segmental 
TKiture of the latter being retained in several cases. ISTaturally the 
best examples of this are given by the anterior hypurals, wdiere 
the supporting elements are larger. The tri-segmental arrange- 
ment gradually gives way tb a bi-; and finally" a um"Segmental 
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structure in pn,ssiiig from before, backwards. Tlie caudal fin of 
Foh/odon^ tlien, is obviously lieterocercal, but of a more specialized 
type. tha,ii Acipe/nse-r^ on a,ccount of its nearer approach to the 
boinocercal type. 

Amia calva, (Holostei.) (Plate XLYII. %. 4.) 

The caudal fin of Aviiia is externally symmetrica], or at any 
i‘ate the discrepancy in symmetry is very slight indeed, and 
negligible. But dissection reveals a very unsytnmetrical internal 
structure ; at the root of the fin the vertebral column takes a 
sudden turn upwards, at a considerable angle. The centra are 
well formed and retained throughout the length of the axis, and 
consequently no urostyle is pre>sent. Nearly the whole of the 
demiotricliia are supported by hypurals, a feature which it shares 
with the majority of Teleostean fishes; these hypurals are slightly 
expanded or somewhat club-shaped a,t their distal ends, and each 
bears a single fin-ray. The last three hypurals belong to the last 
centrum, but each of the other centra possesses but one hypurah 
The final dorsal element (fig, 4, n.cd.) is strikingly large, and con- 
tinues beyond the vertebral axis for some distance between the 
fin-rays. "Kolliker remarks that it is cartilaginous and contains 
the spinal cord : he regards it a,s an incorporation of vei'tebrse and 
neural arches. In the specimens I have examined, the same 
structure proved to be bony, and grooved along the dorsal edge to 
conduct the spinal cord ; it a.ppears to correspond to a bone, fre- 
quently found among the TeJeostei, which I have regarded as a 
persistent neural arch, retained, even when its adjacent homologues 
are suppressed, as a protection for the delicate termination of the 
spinal cord. According to Kolliker, there are three dorsal caudal 
radials (dxj\) remaining as supports for the insignificant fin-rays 
which constitute the epaxial contribution to the caudal fin ; but 
these dorsal radials are very poorly developed. Most authorities 
agree that the caudal fin of A77iia is scarcely correctly described 
by being called lieterocercal, and therefoi*e it is generally referred 
to as hernMieterocercal. So neai*, however, does the structure 
approach homocercy that hem i-hornocercal would pwbably be a 
more suggestive ' designation ; however , that may bej-the^ fin may, 
certainly be considered the most specialized type of lieterocercal 
'■forms.,' 'a 

Gemi'^al reinai'ks on the Gcmoicl Oaitclal Fin. 

It lias been thought advisable to omit any detailed references 
to other Ganoids than the three considtmed, for the present, since 
they have not been cleared up to my entire satisfaction ami 
material is lacking. But the Ganoid caudal is characteristically 
lieterocercal ; truly protocercal forms are absent, and hoinocei'cy 
is nowhere attained within the group. The three types considered 
illustrate how the tendency of specialization is to approach the 
homocereal condition ; in Aotpeuser, the typical heterocercaJ form, 
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Jill increase in fclie size of the ventral lobe reaches a .ste|'i to'wa.i*<is 
tlie externally sy in metrical homoeercal fin ; wlnie Aniia proceerls 
furthest of all in the homoeercal direction, reqtiiring but one sirigli’^ 
feataire, the possession of a true urostyle, to, attain the hoinoccMval 
condition, 


TELEOSTEI. 

M A L A C 0 P T E R Y QI I. 

MoEMyrius kannume. (Mormyrklse.) 

In general, 2/ormi/nis provides a type of homoeercal candal fin 
hy no means generalized. The last two or three vei.'tel)r5e a.n^ 
directed sliglitly upwards. The urostyle is absent or fused com 
|)letely with a hypiiral bone ; such an advanced, homoeercal feature 
as this is not consistent with the position of Morvif/rus a,s one of 
tlie least specialized of Teleosts,a position assigned to it according 
to general characters. In respect to the Iiypurals, iiiieoininon 
fea tures are shown : in the first place the last centrum presnioably 
is fused with the last liypural but one, instead of the last as is 
usual ; agfiin, two hypurals are attached to the penultimate 
vertebra and tlie anterior of these is exceptionally large. It is 
important to notice that only two hypimal bones are associated 
with the last vertebinl segment — the small number beiiig another 
feature of the specialized homoeercal cpaidal. The epaxial 
elements are interesting ; the neural arch to the last ceiitruni is 
strongly developed V it is pierced througli out by the spinal cord 
wiiich is continued beyond the arch among the der$notrichia. It 
will be remembered tlmt a similar condition of the lust neural arc] i 
was found in Tbo neural arch of the pen id ti in site vertebiu 

is vei*y much reduced, and the antepenultimate veitebra. bears an 
epiiral bone, 

' Eng.rauij:s ENCuiAsiOH^ (Giiipeidax). ' ' 

Tho Anchovy provides an illustiation of one of the least speci- 
:alized, , of homoeercal ■ .caudal "fins, . No. oentm .'enter into the 
..viptiirned, part of the caudal .'axis, The notocl,K:)rd is . p'l'c'do'iige*! 
l,>eyoud the long lU’ostyle, but except for the extreme end widcii 
'extends arn()ng,tl'ie'.dernK.>tricI'iia,: it is prot.ected.'by :se\u'i'i a,l slender 
and closely httifig ensla'athing bon diffieult to 

lioiiKdogize. Borsally and ventral ly at the einl of the notocluu'd. 
is a delicate cartilage, each., ;dt\'niay' .be, -..a.:. vestige of once fu'nctional 
neural or hiemal arches • such vestiges are referred to by llyd(‘i’ 
as o})ist]uiral currtilages. The hypaxial endo supports of 

the fin-mys are nine in number, seven of wdiicli belong to the last 
%'ertebral segment. It is a little difficult to decide whether tlu^ 
term hypural is correct for all these supports, as some, at any ratcy 
appear to be ventral caudal radials only; how^ever, it will bo 
better for tho present to call all of them hypurals. This fish 
p(.)ssesscs tlie largest numbev of hypurals (viz. seven) to the last 
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vertebi'jj] segment which has been found. The dorsal contribri- 
tiori to the caudal fin is comparatively small. Of the last four 
^^ertehrm all but the la,st ]>ear epiiral bones and the last a.ppe!irs 
to have its neui‘a.1 a,rch greatly reduced. The most posterior of 
the epa,xial fin-rayvS are supported by two or tliree poorly developerl 
dorssil caudal radio, Is; the proximal ends of these radials are 
almost in conta,ct witli a triangular cartilage a-pplied to tlm dorsal 
side of the notochord near the termination of the urostyle ; this 
ciirtiila-ge probably represents a vanishing neural arch. 

ClATPEA PiLCHAKBUs. (Glupeidse.) (Plate XLYII. fig. 5.) 

The c<auda,l lin of the Pilchard very closely resembles that of the 
Anchovy. The urostyle (v,fr.) is long and slender, and the noto- 
chord (n.) is produced be3u^nd it, but not beyond tlie distal ends of 
the endoskeletal supports. An opisthural cartilage (rue.) is 
attached to the end of the notochord, and extends between the 
dermotricliia,. Nine hj^pural bones are present, seven of which 
belong to the last vertebral segment, as in Bnfraidis; the 
lij^p Urals vary considerably in size, Epaxially, the dermotricliia 
are supported hy two epurals (ep,) a.ncl three dorsal caudal ludials 
{(Lc/r.) ; the latter are short bones situated between the last 
e|)ural and the notocliord. Proximally the dorsal radials abut a 
triaiugular bone («.«.') — cartilage in IiJnjraidis--m'\ the dorsal 
side of the urostyle : this triangular bone probably represents one 
or more neural arches of vertebrae now absorbed into the uiostyle. 
The hist centrum. (h'Z?.) is provided with a la.rge spatulate neural 
arch (vua.) peeaiiiarly constricted at its proximal end. 

Oomparing the caudal fins of the two Clupeoids hei‘e described 
and also that of the Bpivit as (letailed by Newton, it will be seen 
tliat there is a striking similarity throughout ; the figure given in 
Newton’s paper is that of a youxig Glupea sprattus, and the 
urostyle is seen to be composed of several centi*a. whicb, no doubt, 
are also present in 6". pilahmrlm and Engrmdis micrmicholus in 
the young, lint wiiieli are obliterated in the a-dult All sliow a 
.jowl}’" specialized lioinocercai form, approaching very closely tlie 
A'hiia type.-' 

Notoptehus bqeneen^ts. ■ (Notopteridie.) ■ .(Plate XLYII. 
%* ^’0 

This fish is pixivided with a highly specialized caudal fin, and 
also presents <)ne or two peculiarities. The ca,udal is continuous 
■with the ventral median fin, but the caudal proper may here l)o 
limited to that part composed of dermotricliia which are attaedied 
to the endoskeleton by means of a proximal forking, a,s distin- 
guished from the ball and socket nature of the attn.chment of th(^ 
anterior fin-rays to the radials. , Thus the caudal fin is supported 
by three hypurals and one epuz'al ; hence it is not strictly hypo- 
cereal iis (Gregory states. No urostyle can be seen in the dissection, 
a, ml even clearing fails to give any certain cine as to its exact 
outline in the substance ajf the bypuml bone, and wliat 
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may be at first considered a xirostyle, indicated by tr i‘idge 
.‘iloiig the dorsal side of the hypnral, lias a. C(:>in|)j,iir:io:u, ridge 
directed ventral wards ; the loss of tlie urostyle or its fusion 
witii a hypural l)Oiie is a.n a.dvan,ced character. A large li}"ptii’a:l 
l>ea.ring four deriuotriclda, is attaclied to the pcurultiinrite \arii;.el»i‘a, 
wliile that of tlie antepeiiidtiinatie supports only one. An 
interesting feature in this caudal fin is the epaxial firnray 
support; tliis consists of a single epura .1 bone broadly expanded 
distally, and a.tta,elied to the penultivnate vertebra.. 8 ucli an 
exj)anded epintil is quite unusual in caudal fins, and I know of no 
other instance. 

Geim^al remarks on the Malaco'pterygiL 

The examples chosen illustrate how va,i;ied the eauda.l fin 
structure nuiy l)e, even in a single siil^-order of Teleosts. Two 
extreme types ai‘e met with : the Clupeoids, by tlnj extension of 
iiotocliord beyond the bony axis, I > 3 ^ the vestiges of Diiecvfiinctioiiai 
a.rclies in the form of opisthurai eartila-ges, and by the large niiml)er 
of liypura.l bones to tlie last vert ebra .1 segment, provide an 
example of a low]}" specialized form of candaJ fin ; wliile Notoptenis^ 
])y tlie loss of the urostyle and the i*eduction of tlie nnniher of 
hypurals to the last vertebral segment to a single bone, is an 
example of a liighly specialized form. 

OST ABIOPIi YSI. 

Clarias sp. (Siliiiidae.) 

Only a single specimen of this fish has been procrurable, Imt the 
caudal fin appears to be quite iiormah The tail-fin is fully 
difierentiated although the dorsal and ventral fins reach nearly to 
the end of the body. Internally the skeleton is inmarkable in 
presenting a very long urostyle, longer than tihat of any fish 
examined, extending posteriorly as fa,r as the distal mid s of the 
hypuiuls ; it does not appear to be a.ctiia]]y Umnl to a. hy])uraL 
The'hypaxial part of the fin is supported ■ 1 ) 3^11 ve liypural bones, 
four of which are associa.ted with the last eentrriin Mud iirostyi(\ 
and also by one ventriil eaudiil railiid oc{‘np 3 ^ing tlie space iHdiwecn 
' the first 'a.Bd second liypural bones. .Tlie hy|)ura.l of the;|;cnub 
tiniate vertelira lias the appeara.nce of being foi-mcd ]>y tlu; 
coalescence of a radial and a iimrual arch. The epa.xial rm u‘a. 3 's 
borne by one epnral hone belonging to the last vcrhd)i’a, hut oms 
and also by a dorsal caudal radial between the <q)ural a nd the 
urostyle. Tlie spinal cord cam be traced to tlie cud oi the unn 
style. Idle final centrum possesses the vestige of a neural arch, 
through which the spinal cord passes. 

Here then is a generalized type of homocercal ca.udal fin, for in 
it are representatives of all possible endoskeletal supports, viz., 
hypurals, ventral caudal radial, and , dorsal caudal radial, and 
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:Plot()3US sp. ? (SilluidjB.) (Plate XLYII. fig. 7.) 

The cauda,] fiii of Plotosus is very interesting and very simple ; 
it forms pai*t of a continuous median fin and terminates a gradually 
t:i],)eriiig tail. All the specimens examined were from Torres 
Btraits a.nd wei-e presented to me by the late Professor Bridge. 
Tiiey were all young, but the skeletal elements were quite fully 
established. j:>efore entei‘ing into a description of the fin, it will 
be instructive to call attention to the remarks made by Mr. Tate 
ll 3 ga,n before the Zoological Society on April 28th, 1908, con- 
cerning the caudal fin of Gmdoglcmis megastomi^ also a memher of 
the Plotosime. lie writes : — 

The Siluroid fishes of the subfamily Plotosime have been 
generally defined as having two dorsal fins, a short anterior one and 
a, lai'ger posterior fin continuous with the cauda,], siniihii* to tlie 
long anal, Tiie so-called second dorsal proves to be a pi*oeurrent 
poi'ivion of the caudal fin which has extended foi‘wai'd along the 
back, and, in the species exhibited, has a base of more than two- 
tliirds the total length of the fish, and is formed of about 130 
rays ; tliese are supported directly by the neural spines, in striking 
contrast to the externally similar anal fin, the rays of which are 
attaclied to a series of interlnemals.” Presumably inteiinemals 
are synonymous with radials. 

On examiiiing which is a very cloKse relative, I was 

|>leased to find that the same charactervS were exhibited in both 
eases, or, I believe, practically the same, for although in Plotosus 
the rays of this procurrent cauda.l ” aa^e not actually atta.ched to 
the neui’jil spines but iiiterdigitate between them, they have no 
other endoskeletal support, as the anal rays have. 

Now, the conclusion to be drawn from the above quotation is 
that Mr. liegan would define a caudal fin as that part of the 
median fin system which is directly supported by luBinal or neural 
spines, or in the language axlopted in this paper, by hypurals and 
epurals alone. It must be pointed out, however, that fin -rays of 
true caudal fins are frequently supported by undoubted radials, 
in addition to hypurals and epurals, and interdigitating between 
these supports ; tInx>ughout the Gad i dm this is the case, many 
Acanthopt(aygii show the saine thing, as also does just 

considered. But I fully 'agree .with iEegan^s/rernarkAliat'.the 
so-call(.ul second dorsal fin is paib of tlxe caudal, but for an entirely 
different reason. I hope to deal wnth the definition of the caudal 
fin at a future time after my observations have been more extended ; 
but for the present, in connection with this discussion I base my 
agreement with Bogan’s conclusion on the natui-e of the fin -rays 
tliem selves, and not on their endoskeletal supports. The denuo- 
trichia of the caudal fin differ from those of the remainder of 
median fins in the method of attachment to their internal 
supports ; the caudal fin^rays of Teleosts attacli themselves by 
means of a forking at their proximal ends, while those of the 
dorsal and anal fins ai^e provided with 'a kind of socket by which 
they '■areAttaeh:ed3:tb::l^:.:d3^^^^ 
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T n.ni awMre. tins dilferenee is luiiversa-l aitiorig Tele(>sts, luit, as 
siui.ted al)0\’e, as yet I do no!:) assert it. to l.)e without exception, 
'.riie matter is called attention to, in order to niiike it (jiiit.c^ el«;‘ar 
t.hiit lin~ra,ys of a, candal fin may he supported directly !)y un- 
doubted iTM'lia.ls. 

Ooocerning other features of the caudal fin of Idioms, last 
dfirsal ray is supported by an epiiral whieli is attsiehed t;o t.lie 
penultiinate vertei)ra,, and which shows the union of two (‘haueutus, 
a, radial and a iieiira .1 a.rclu IIypa,xia,n.y is a la.i*g «3 ]»\'pura.i lirnily 
united with tlie urostyle, and hearing ten dernioti’ielnhi. I n the* 
s}>eciinen figured the pennltimate centrum possesses two v'(mf r‘a,l 
a[)pendages, a liypural supporting one ray, {tnd <‘i hamui.l areli. 
Curiously enough, tlie next anterior ray is without a support, and 
seems to antieipate a similar state of a.ihvirs veutraily^ as doi*sally : 
sucli, however* is not the case, for eacii ray preceding is a. typical 
anal fin-ray supported by a true radial. 

Hence tlie cauda.l fin of Floiosus is a veiu' highly sjHHiia.lized, 
01‘gan, totally different from the preceding type, (Jla/nm, 

Byx^odoxtis schall. (Siluridm.) (Phita XLYIL fig, 8.) 

Idle last , six vertebra? form the basis of support for i.lio dee|)ly 
cleft candid fin in this tisli. The urostyle is lost and the last 
centrum is, iii* ml y fused to the la.st two broad hy|nira.ispvvhix;*h 
occupy a terminal position. The hypaxial tin -riiys lire luainly 
siip|:>orted by tliese two liypurals, lint in addition there as*e fiAai 
otliers, one to each of the piocexling fl\o vertelvra? ; tliese two 
hypurals afford excellent evidence of the coalescence of radials 
and luxnrial arches in their forma.tion. Epaxially are four oiiurals, 
one to each of the four vertehne preceding the last two ; these 
epiirnl bones, likt^ the Isypurafs, show the duplicafie iiatiu'e well ; 
it will be seen tlmt the neural arcli of the penviltinmte verfieliro 
a,nd its cairresponiliiig raxlial have not fused, but a liiitle forwunl 
movement and, tlien the fusion with tlie neural ai'ch, on tlie pni*t 
of the ladiaf, wouhl produce an exactly similar striicture to tf io 
jirecofling epunds. If his caudal fin provides one of tlm liesl. 
illustratioirs of tlie fusion of rad i a, Is witli a.rches in tlie formation 
()f (i|iur;vls aiid hypurals. Needless to say the lin is a highly 
•specialized horn ocercal type.' 

G^mej^al r(mharli-s rm ilm 

: The; si'ngle'., family Hiluridm, therefore, includes, gi'cat divf«rsity, 
in tlie form of the candal iiu structure, from a very geiieridiAiKl 
to';'a highly 'specialized type, . 

■ Apo.0ES:, , 

^ ' AxRKJnmA'viJLaAEiSv ■ (Minmiidic.) 

Having obtained a, 'good "series.; of ^ stage's, ' T ha.ve heem ahhv 
to trace the development of the caudal Jfixi m An^jtulk fixini the 



OAlTBAL FIX OF THE TELEOSTOMI. 


601 


1910.] 

1. Lepiocsplmkts hrevlrostrk, (I.^late fig. 9.) 

It is perhaps soinewha.t unfortunate that in tlie LfpdocephalaR 
all essential skeletal structures are already present ; in fact, there 
is very little difference between it and the elver four inches in 
lengtin There is very clearly shown a conipa,ratively long nro- 
style slightly directed upwards; this u restyle is not fused with 
the hypural l)one immediately ventral to it. In my specimen 
tliis hypural, the distal end of which extends beyond the nrostyle, 
was already n single car-tilage, though in o]de.r specimens, a, very 
distinct cleft was frequently to he seen. Thi*ee of the four iin- 
ra,}’s atta.ched to this liypural were bitid distalljq though I believe 
the iiiiinher of distally bifurcated rays is a matter of accident. 
Tlie penultimate vertebra, carries tlie chara.cteilstic U-shaped 
hypural of the Apodes, representing two pieces fused proximaily. 
Idle antepenultimate vertebra is a double stnictiu'e, and carries 
two inemal pincesses, the posterior of which hears a fin-ray and 
shows a definite ti'ace of being formed by the union of a, radial 
and a luemal arch ; this has already been drawn attention, to l:)y 
Ryder, The double vertebra mentioned is not, as Ryder seems 
to suggest, a constant feature, but certainly is veiy common. 
Dorsally, no epural bones are present ; every my is supported by 
a i*adiaL In the only figure of the cauda,l fin of a young eel I {ini 
aware of, namely tliat of Ryder’s, the neni-al ai*ches are not truly 
represented; in i*ea,lity they are rectangular plates, equal in 
length to the vertebra^ to which they are attaclied ; even the last 
I'etaa’ns its rectanguinr sljape, covering up urostyle and overlapping 
tht ;3 last hypur«‘d to some extent. The spinal cord can be traced 
even a.mong tlie fiii-ra,ys beyond the distal end of the last liyjmral ; 
tlvis fact is evidence of considerable abbreviation. 

% ' The Elver: ins. or alioiit 12 enn long.) (Plate XLYIII. 

This stage is next taken as being the last in wldch the urostyle 
can. I>e traced ; the last hypural has already encroached iipon it 
(lorsjiliy, while in speeimous five inches long it has vanished, and 
tlie last hypural and the last vertebral seginent have hecoiae a 
single |>ie<*e. Neural spines have appea,red on all the neural arclies 
except tlie last two, and a thickening indicative of a spine is seen 
there also. Tlie spinal cord does rait extend anioiigthe fin-rays a.s 
in tlie, Lepiacepkahis. 'All other .features' are'' I'X'mch,; tlie, .'same 
as hi.tiie Lepto.efp)hcdtvs stage, fclmugh naturally more pronounced. 

■, .■'{Plate X.LY J II . . fig. ' ll..) , 

'.'.After, the preceding stage, 'and' 'sometimes earlier, 'the last ".two, 
neural arclies often fuse into one. But the- main feature 1‘6 he 
noted in the arhdt is the complete absorption of the last vertebral 
segment, including centrum and urostyle, hy the lastbypnral ; all 
efforts to reveal the urostyle by clearing agents have failed ; the 
union is camiplete, henee^ what appears in the julult to lie hypural 



G02 


MR. 11. B. WHIT7JIOUBE ON TBK 


[Apr. 5, 

only is in rerility liypuiiil pins tlie ]n.st vei’teln’al. segment. liliCMlistai 
arms of tlie U-sliaped liypiiraJ of tlie penultimate vei'tebra. oftmi 
tend to fuse ami so pro(.]u(‘e an elli[)tical l)one, ddiere is (.consider- 
able va.riatiou in tlie ruimbei* of lin-rays snp]>orte(i by t!n„j 'VJirious 
terminal elements ; tbe terminal dorsal and ventrn.l ra.dial inay 
or imiy not svippoi’t a ray. It is 'usual for tbe last two hypurnis 
to support four rays eacli, but this too is liable to va;rijxtion. in 
}a)ung aiiiinaJs it is cpiite accidental, whetlier fin-rays I)ifur(*al:.e or 
not (iistally, and it is not safe to coa(.;lude, witli Ityder, tlia.t 
bifurcated deiinotricliia are caudal proper and otliers dorsal oi* 
ven;tral inspeetively. 

CoNGEB vuLaAius. (MiinBinxlaE) (Pbite XLVIII. fig. 12.) 

In most respects the caudal fin of the Oongei* is similar to that 
of ArigmlkL Only by tlie aid of clea.ring ti, gents can tlie (‘xact 
outline of tbe various elements be traced ; wlien thus treaterlj it 
is seen tliat the vertebral column proper ends in a long com v] ike 
vertebra, directed posteriorly in m sti-aiglit line with, the vertebral 
axis, i. (3, tliere is no tendency to upturning, and a urostyle eiiimot 
be said to exist, ]3ut all tliis is invisible witliout the aid of 
clearing agents, and tbe last centrum a.ppears to lie merely tlie 
proximal end of tbe three bypurals, wliicli in rejility are iirmly 
fused with tlie last centrum. However, any difiiciilty coiicerning 
the ending of the vertebral auxis is i*evnoved by a reference to the 
young stages: a young conger of dIJ- inches (9*5 cm.) length or 
less will show a condition of things very like those in 
viz., a iirostyliir process up wariily directed, and occupying a 
position along the proximal dorsal edge of tlie last bypural ; in a 
specimen 4| inclies (or 11*5 cm.) long, this could not be seen in 
tiie mere dissection. 

Those dermotrichia wliieh may safely lie called caudal are 
supported l)y four liypural bones : tbe first of these is attached to 
the iienoltiniate vertebra, instead of the antepeiudtiniiite, as in 
'AwfidilSy mid. tlie remaining ' tl'irec 'are ; all fused' to the last 
vertebral' segment. In this respect, the C(.>nger diilers frcaii tlu'v' 
Common Ecd in .which only one b(d.ongs to tlie last^ centrum, ajid 
the: next two (for'ining the letter IT) tt,)' the pemilti.mate veilxl'n'a : 
.tliis may represc'nt a further shortening of the vertebral axis in 
'Conger. A word , should be 's{"fiid here, ealli.og , }.i,ttenti,(,)U tiO 
excellent illustration afforded by these hypnra.ls, pai‘tic'ula.rly tlm 
first and seco.nd, of their double nattu'e : a line of fusion <ia,n. be 
trac<Hl across the by] mral dividing the latbu' into twa;) parts, th(v / 
proximal of wliieh is almost exactly similar to the preceding Jiamml 
arches, and tlie distal pa, it is like a I’n-dial. 

There are nocpural bones. The neural arches cltisely ri'seinlib* 
those of A but are more simple, the anterior ones j)()ss(‘s.siiig 

a very feeble spine; the last, wliieh is specially long, to ];roi{H‘t 
the end of the spinal cord, possesses a pecuiiar bony proc.css 
ruTiBing ;ihmii':'anter{mveS last centrum ; 

this is pn'obahly a process for the attachment of (‘amiai imisdcs. 
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Muilexa helexa. (MuriBnidfB.) 

The ca-udal iiu of the Itouiaii Eel is essentially similar to that ol 
tlie Conger, a.iul attention need oidy be drawn to the peciiliarities 
presented. The liypiiral bones are attached to the ]a,st centrum. 
Tlie spur-like process of tl.ie last neural arch, mentioned in Conger, 
is more pronounced and fuses with a posteriorly directed process 
of the first lijpiiral bone. Tlie posterior neural arches are very 
simple, liaving no spine, and the closely aggregated radials of tlie 
dorsal fin are in close contact with them, the hDenial arclies very 
closely resemble tlie neural arches ; the penultimate veitebra does 
not bear a, hypnral Ix'me. 

MVIUJS VULOARIS. (Murmnidie.) (Plate XLVIII, fig. 13.) 

The caudal of this fish is again similar to the pi’eceding types. 
Only one liypiiral is attached to the last centrum, which is quite 
indistinguisliable, appearing only as the proximal end of the 
hypnral bone : only one hypural may be said to be attached to 
tlie penultima,te vertebra, though it is clear that this has been 
foi'ined by tlie coalescence of the distal ends of tlie arms of the 
U"slmped structure in otlier genera. The Inemal arclies of the 
posterior vertebne are of a horseshoe shape ; this may account 
for the U -shaped liypural of tlie penultimate vertebra, wliicli is so 
general in the family. 

General remarks 07 i the Apodes, 

There is a striking uniformity in the structure of the caudal 
fin in this sub-order, due possibly to similar habits. In spite of 
observations, as early as Huxley’s in 1859, to tlie contrary, writers 
re|)8atedly refer to tlie Eels as possessing diphycercal or protocercal 
tails. It cannot be too greatly insisted on, that whenever an 
upturned nrostyle is present, either in the adult or the larva, a 
tail is not protocercal or dipliycercal. Externally, of coui’se, the 
Eels, with their nndifierentiated median fin system, do present a 
primildi'c protocercal condition, but dissection pi*oves the tei'miiud 
emloski'ldal supports to lie very luisjmmeti'ieal. ; tlie broad 
}iy[)ural bones liave no corresponding dorsrd honiologues. The 
caudal fin of tlie A,|)odes com | dies in all its essentials with, 
tlie didinibion t)f lioniocamcy, wliieh will be discussed, later; it 
(‘annot ])e called anything Imt aai advanced ftjrin <.)f hoxnocercal 
caudal.; ' ; ■ ' , ■ ' 

"W'bile dealing with the A pedes, it is interesting to note the 
i*eferenees to the, ancestral forms., ; Tlie, fossil Urmichehjs from' the. 
Chalk' beds' lias'' a'liomocercal tail— presnma'bly an ,,externally',recog- 
nizable liomocereal tail— and probably, therefore, much less 
specialized a form than the advanced form the modern Apodes 
have been sbowni to possess.- Thus all that has happened is a 
steady process of specialization, exactly as is to Ixe expected. 
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H A P L O M 1. 

(tALAXIAS sp. ? ((j{r]axii<.la\) 

Only a, single specimen was aviciiable for exa.niination ; this 
revealed a free iirostyle, beyond which the nutoehoi’d eontinned 
for some distnncej ]3iit dhl not reacli the ^Ierr■noi■rrit.^l■lia, Km'en 
bypurals are present, five of whicdi are attaclied to the last 
vin*tebral segment ; tlie last three are closely a.pplied to eacli otlier 
and so form a large plate. Dorsally the dermoti’icliia are sip)portetl 
by two epiu‘al bones a,nd a. dorsal caaidal radial, the latter ijeing 
cartilaginoris. Both the epnrals and hypurals of tiie pemdtimate 
and antepen ultimate vertebrre are very broadly expanded, a, ml 
show traces of the inclusion of radia.ls in their fbrniatioin The 
last vertel)i'a possesses a, small nenraJ arch and tlve spinal cord can 
be traced to the end of the notochord. Such a, caudal fm must 
be considei*ed lowly specialized form of homoeeriy., 

No geriei’alizations can lie made on the Haplouii until moi'e 
species ha\'e been examined. 

Heteroml 

.’FiBiiAsrEii Acus. (Eierasferidan) 

In this fish the median fins are continnouB. At tlie extreme 
end of the tail no fm-rays are present in the fin-fold, so that there 
is a gap between the fin-rays of the do.i‘sal ami ventral fins. 'J.lie 
vertebral coiuinii ends in a perfectly straiglit line, and, towa.rds 
the end, consists of alteiimte segments of centra and iioto<‘lmrtl, 
the final element being notochord wliicli comes in eontjict with 
the integument. The fin is therefoi-e pei’fectly syniioetric'al 
externally iind internally and moreover sknvs obvious signs of 
degeneration. Kyder concludes that the whole of the true critidal 
has l:>een lost, and lienee tlie tail is truly gephyrottercal. It is 
interesting to note tliat tire developmental stages do not revea.I 
any heterocercal tendencies. 

FimusFEK DBXTirus. {EcModon deuiatm) (Plate X.LYII.L 
fig. 14.) „ 

The' figure of the tail of tin’s sjiecies giverr 'by Eniery is most 
interesting as presenting a’ typical gephyroceival tail, ■ Tim larva 
,is provided with a long 'filamentous tail-ending, wlrich, is .evm,iti!-' 
ally lost, iiisome way, and the adult 'tail 'gives tlKva.pp(\'ira,nce of 
having had the end bitten off ; the vertebral eoliiinn emls in ji 
vertebra, exactly 'similar 'to the- .preceding ones'-'; the do,'rs.‘il a'ud 
.ventral' fin-rays atten'ipt to liridge over. -the gapA;;',uisGd by 't]"ie ’h"iss, 
of the (*audal extremity, but never aeda lal ly nieet, I’he finUTiyH 
of the dorsal and anal fins are, supported by very small cartilagvs 
wliicli represent radials, and vvliich are far removed fi'( an iho axi>s. 
I have not yet had an opportninty of caudal fin, 

.and so I reserve any rema-rks .on,.tliis reina.rkalile' fo:r',n'u' ■ 
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General remarks on the lleieromi. 

All fishes belonging to thi.s 8Vi])-oiH]er, wlietliei' fossil or living, 
M|)pea;r to lie either eel-lilveor deep-sea forms ; from tlvis it is to be 
expected that the tail-fin when present is similar tlivosighout, 
i. e, gepbji'ocei*cal. 


G A T O S T E O M I. 

Gasterosteus aculeatus. (Heinibranchii,) 

The caiulal fin of tliis fish was well described by Huxley in 
1859. The vertebi*al column emls in a long nrostyle which is 
fused along the dorsal edge of the last bvpni*al bone. There is a 
small iienral arch to the last centrum, wiiieh Huxley ligTii'e.s as 
l:)eing continuous with it, though there is a. line of junction 
sej.)a.i*ating areli a.iid nrostyle. The penultimate vertebra possesses 
an epiu'al and hyiiurals ; between tlie epural and the nrostyle is 
a doi'sal (‘audal i'a,dial (the “ epural of Huxley). 

Gentriscus scolopax. (Hemibranchii.) 

The nrostyle iiere is suppressed and tlie cone of tiie last 
vertebra shows only the sliglitest suggestion of upturning. Two 
liypurals are attached and equally well fused to the last centrum. 
An epural a.nd hypural ai‘e attached to the last verfcebi-a but one, 
a.nd l:.K)th sliow well tliat tliey a.i*e composed of a. neural jind a, lueinal 
areli respectively, together with a radiah A single doi‘saI caudal 
radial is situated between the epural and the last hypural. 

Thus tlie caudal fin of Gentriscus is highly specialized in 
contrast with the nearly related form Gasterasteus. 

SyNGNATHUs Acus. (Lophobiuncliii.) (Plate XLVIII. fig.Tf).) 

The caudal fin of tlie Pipe-fish presents a perfectly symmetrical 
n]>peai'anci\ but inorphologically it i.s quite iinsym metrical since all 
tilie (dght dermotiichia, are supported l>y liypaxial elements con- 
sisling of two expanded hypural bones. Although the young 
stages show a. ilisfinct nrostyle, t]ii.s structure is absent in the 
luhdt. ddu're are no complications of any hind and the whole 
caudal structure is exceedingly simple^ The spinal cord can be 
traced to the distal ■end of the liypural bone. ' Orraccount,'of the 
presence ■ of a nrostyle in ■ the larva- ■a.nd-tlie'hypaxial imtwre of .tlie 
In,: the .tail .-mustHie, classed, as- homocercal; moreover,',it ns, a' 
highly specialized form of homocercy,^ ' , 

Sriuio,xo^STOM:us^ ■'bondeletii. (Jlfophobrancl^^^^ 

Precisely .the: sanre' -structure ; is ' 'found in this species as in the 
preceding type, hence it is unnecessary to ve])ea,t tiie de.scription. 
The similarity is no doubt associated with, the similarity in habits 
of the two fishes. , 

- ' P,aoc. Hool.: 
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Neiiopii is oph'idion, (Lopholunneliii . ) 

lliis fisli Iris lost its probirhlv on sicooiint rI 

preliensile fiinction of the tfi-il, but otlier spoeies oi: Aerophvi, 
iV, ceqtwreics, do possovss a. veiy suuill ono;, wliicii rescinbles iluit. of 
fSj/'i pjnat h us in in i n i nt n re . 

Hippocampus brevirosthis. (Lopbobra/neliii.) 

The Beti-borse has no caudal iin ivi tlie advdt, but the larva 
|)ossesses a iirostyle and hjpiirals, wliicli degenera, te, probabl\’ 
owing* to tlie prehensile habits. 


Geneixd remarlcs on the Gatosteowi. 

Of the three families of the Oatosteomi (Gasteinsteidax Ceii" 
triscidie, and Syngnathidag) types of wliicJi liave l)eeii examined, 
tlie Gasterosteiike certainly are the least speciahzedj and i/he 
Syngimtlddm the most so, while the Geutriscidie occupy an inter” 
mediate position, as regards the structui'e of tlie caudal tlin ddiis 
order corresponds exactly witli tlie goneml cla-ssiiicatioii ImsciMl on 
specialized features as a whole : this bea,rs out wliat is often s(‘en 
elsewiiere, that tlie caudal fin may he useful in cla.ssifying ii.slms 
among smaller divisions, though it may not be depended ii[>on as 
a broad ta,xonomie fea.tiire. 


P E R Cl E S O 0 E S. 

Eeloxe ACTJS. (Bcoaibresocidm.) 

Only the smallest trace of a urostyde can be seen In the adult, 
Thei’e are six liypural bones in all, four of wliicdi c()rres|)ond to 
tlic last vertebral segment; the most anterior of tliese four 
possesses a prominent liony process to which muscles lire iitbuluMh 
The neural ai*ch to the last vertelira is very laigo a,iid |)ro{.e(d,s 
the spinal cord whicli can be traced to the distal end of it. T'lio 
epaxial tin-supports a, re liable to some variation : tiien* a re some 
times two, and at other times tliret^ dorsal caudal rmhals ; whe^n 
tivogire present, it is on account of tlu^ third (tlie iimsti anterior) 
iiaving fused to tlie neural arch, of tlie autopeindtiruati^ vcrlnbiu- 
and so constituting an.opui'al'bonc this'point in itself iseviileuce 
as to tile way in which epurids luiiy 

'The .variation .exhibited ; be.r 0 .- is . . prol.iably . what ' Htaiin ins 
.referred t/O,' in 1 854,' when he cpioted Behm 'as de.monstiTi.ting' tlu^ 
fact that ' tlie 'fin-"ray suppoits'' may lie of .'a ' iloulilo nature'^, f. e. 
ai'clies plus ratlials. Bdone^ thereforcj is interesting as Iwing the 
fish ill which this feature, so frecpmntly met wif-li tTsiovlua-a, was 
first .seen. ' , ■ ■ ■ 

The penulti.mate vertebra never appears to p()ss(\ss a,n epitralj 
as the radial and neural arch are always separate. 

On the whole tlio caudal hn of Bdone athiins to a fair standard 
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of pn,i‘t}iciil;ii‘ly n,s reg.-irfls tlie .sii|:>];)ression of tlio 

iirostyle ; but at tli,e sjurie tiiue the nuiviJaa* of IiypurMls, viz. four, 
a, associated vvitii the last vertebra, is ijidieative of a. coinparfitively 
low type of specialization. Tiie proximal ends of tlie fm~rays 
embrace their eudoskeleba,! supports so as to almost exclude them 
from view. 

Aaimodytes tobiaxlts. (Ammodytidax) (Plate XLIX. fig. 16.) 

The last \au.*tel>,ra a,ud last hypural are completely fused ami 
tlms the 1*0 is uo free urostyle. The hypaxiid supports consist of 
fi\*e liy])U]*a]s, foui* of which a.i’e attaciied to tlie la,st I'Oi'tebra. 
Tiie dorsal elements are somewiiat coinplioated : lying between 
the single doi*sal caridal radial and the last vertebra and hypural 
a, re four sepa.i*a.te l)ones, through three of which tiie spinal coi‘<l 
passes; these tiiree possibly represent neural arches, while the 
foui'tii may be a dislodged arch, or a s|)ine deta,ched ti’oni its 
arcii. It is interesting to notice that fusion of tiiese foui* bones 
into a single piece would foi*m a large neural arch exactly as in 
.Belojie, 

Atheiuna bate Eli. (Adherinidm.) 

A. small l,mt f;re 0 urostyde is found here ; connected with it and 
tlie last eoiitrimi a.re five of the seven hypural liones supporting 
tlie hypa.xial tlermotrichia. A small cartilage, situated lietween 
the distal ends of the first two hypurals, sliares in the support of 
tlie anterior rays of the ventral lolie ; this may possilily represeni* 
a radial, hut it is doubtful. Dorsally tlie fin-rays are supported 
liy two dorsal caudal rad ia Is and one epiiral lioiie, tlie latter 
a,tta.clied to the antep>enultiniate vertebra. The neural areli of tlie 
bust vertebra is very large and is composed of three hones ; it 
affords protection for the end of the spinal cord. Thus A tkeriim 
possesses a fairly genei/alizeil caudal tin, lacking only a veiiti'al 
ca/iulal radia.l, tliough even tliis may possibly be represented by 
, the sinail cartilage mentioned. / 

The diivelopment of the ca-udal, hn in this fish is interesting as 
lieing almost identical, in the earlier stages, with tliat of the 
jflouuderVas figured by Agassiz, and sliows very dearly the' deep 
incision between the original and the permauent caudals. 

■■ 

The urostyle is lost in tissue of the last liypnral bone; 
three hyjmrals in all are attached to the last vertebral segment ; 
three dorsal caudal radials are present, the last of whicd is apjded 
to the dorsal side of the last hypmuh Tiie neural a,rch to the 
penultiniate vertebra is Very much rednceiL Tiie anterior fringe 
of the' ventral lobe of the caiidal is stipporteil by vsmall eartila,g(\s ; 
what these represent it is dilEcult to determine. The fin tliere- 
ft>re may he classed as an advanced type of homocerev. 
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General reinarhs on the Perce soceei. 

This sul)-or(,ler presents eonsideiublo diversity in ejuida'f fin 
structure ; Jitherhia^ with its free urostyle and niimei'ons h\'punds 
jrttaeiied to it, possesses a comparatively lowly special izt-H'l caiida.l, 
while, that of i/a.pfns quite a specialized fomn Anuiigecl iri 
ascending order of homocercy, tlie four genera will ap|)ear thus : 
Aiherma, A mmodyies^ Belone, Aiugil^ wliicli ar rangeiiieMt does not 
coi‘respond witli tliat of general classification. 

A. N A 0 A N T JI I N' I. 

Macrtf/ridce , — Tlie fishes in this family possess no ca/iida] fin ; 
they are deep-sea, forms a.iid tl^e body ends in a. iinely ta|>ering 
tail, 

Molva VULGAR. 1 S. (Gadidas) (Plate XUX. fig. 17.) 

The Ling possesses a simple ty|>e of Gadoid tail. Xo less than 
thirteen vertel)ra^ coiitiibnte towards the Ksupport of tlie ca,uda,i hn ; 
all of these vertehne a.re provided witli hypural bones (A;y.) a, ini 
all, except the last two, with epnral hones too; S|:)ecial at,tenti()ii, 
tiierefore, need be directed only to jiarts connected w^ith tbose 
last two vertebne. The final vertebra possesses no iimstyhg 
and is iirraly fused ■with tlie broad last hypural wdiicb ticciipies 
a terminal position and bears five dermotiicliia. That jiart of 
the last hypural which encroacdies iipoii the dorsal side of the 
last centrum is seen in other Gadidte, e. g. G. Awmiutjm^ to be a 
secondary extension of tliis bone, only appearing late in develop- 
ment; in young stages the hypmul is totally ventral to tlie 
centrum: The hypural bone of tlie penultimate vertebra is also 
broadly expanded and bears three fin-rays. Between this h}qnnul 
juid the next anterior one is a ventral caudal radial in iio 

way fused witli a,ny other skeletal element. Most of the h \']>nral 
bones show signs of being formed by tlie (joalescence of hannal 
areb and radial, the line of fusion being specia,lly proniiiient after 
clearing agents ha've been used; the shading in the iigure is 
intended to show this. 

Bpaxially, it is iutemstiug to note tlie great reduH, ion iil' (.lie 
netival lu-oli of the peinjltiiiiato vertebni ; tliiit of t-iio jinteiicniil - 
tiinate contributes to the formation of an epnral hone. I!eitt-eeii 
thi.s hmt epural and the dorsal side of the last liypiiral luv ioMi 
dor.sal caudal radials, each hearing a fin-ra.y ; tlu>.se radiai.s never 
fuse ■with the nemwl arch, but always remain perfcidl y free. I t 
will tluis he seen that the caudal fin of Moboa Is not .symmetrical 
iutenially and that the hypaxM fin-rays outnumher the epnxia! ; 
it is in every -tvay consistent with homocevcy, and its tt'rrniiial 
skeleton with a very highly specialized type of homocevcy. 

Oadicumis ATIOEXTATOS. (GadidiB.) (Plate XLIX. iig, 18.) 

'.Chis small Gadoid pos.seases a more generalized ctuida.l Iio than 
does tlie pi’cceding type; this is due solely to the prescuci' of ii 
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birge nur,u]:>er of redials in addition to tlie epiiral imd 
bones. Except for the fact that eleven ^'ertehl•fe forin the basis 
of support for the fin instea,d of thirteen a.s in Alolva, all reina.rks 
made in reference to the latter genus apply ecpially to Gadicuhts. 
The whole interest in this tail-lin lies in the radials ; in addition 
to the epura.Ls no kxss than six are present epaxi ally, and ventrally 
tliree are to be seen alternating with hypurals. Moreovei:, these 
radials may he either quite free, like ordinary radials, or they 
may be more or less fused with the neighbouring hypurals or 
epurals. Tliis affords one of the strongest cases for the theory 
that hypural bones are formed by the coalescence of radials with 
Inemal a.rclies. In the other median fins two radials a, re present 
lietween successive vertebral arclies : thus probably the hypurals 
ami epurals of the caudal liave alrearly absoiked cue radial and 
the tendency is to effect a fusion of the second also. There can 
1)0 no doubt about these radials lieing true radials and not a 
second neural or hiBinal ai'ch, since they never reach tlie centrum 
itself find never embrace the spinal cord or lu:emal vessels at their 
|:)i‘Oximal ends, a,B they would do if they wei-e arches. The spinal 
cord can be seen to extend to the distal end of the last liypural 
bone. Tiiis caudal also is therefore a homocercal foian. 


Gemrcd remaidcs on the Gadidm, 

There seems to be a certain amount of misconception among 
writers concerning the caudal fin of the Gadidie ; one or two 
quotations will make this clean. J. T. Ounningliam, in ^Science 
ITogress/ 1897, says: — ‘‘ The structure and development of the 
tail described above (heterocercy) occur in the fiat fish, hut are 
entirely wanting in the Gadidm. In the latter tlie tail is per- 
ma-uently diphycercal and is composed of dorsal and ventral rays 
whicli are equal in number and size, and, in fact, closely i*€^sembles 
the tail of the extinct Omlacanthidie. There can be little doubt 
that even if the GmlidaVeannot be directly derived from the latter 
fiunily, they ai’e descended from Orossopterygian Ga-noids with 
<li])liycerca-l tails a.nd have never passed throvigli a lieterocercal 
condition^ b Aiui ; Boulenger, in the 'Ann. &;Mag. kbit. Histb'x. 
1902, writes I have reason to believe that Gadoids niust have 
■■been deii veil from such a 'group as the Berycidie, through,, ' forms 
of wliich tlie Mjicriiri(li:e with thoracic ventral tins (.‘omposcd of 
seven to twelve rays are the nearest known exa.inples, a.n<l in 
which the caudal fin has entirely vanished, I i-egard the isoceival 
condition of the Gadida^ a,s the result of the formation of a new 
ca/udal fin, the homocercal extremity of the \’ertehral column 
having been lost by the direct ancestors of these fislies.'^ The 
same writer in cornjiaring the caudal fin in the Pleuronectidai 
with that of the Gadidie saysS : (in the Pleiironectidfe) tlie tail, 
whenever a caudal fin is well developed, belongs to the lioraocercal 
type (lieterocercal in the embiyo) with com]>aratively few rays 
(20 or ]ess)7b—thus differing from the Gadoids. 
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Ofcher referenees iiiiglit also lie qiiotefi, but tin-'se will l»e 
Hufiicient to show what in isconceptioi is are ii eld, Bealiiig with 
(Jininiiighaiida i,‘eijnn*ks first, a reference to either of tht,i two ^ 
figures given will show at a glance tliat the tail is not perman- 
ently diphycei’cal and is not “ composed of dorml and ventral 
ivijs ecpial in ninnher.” In all, eight different species liave been 
very carefully exa, mined, and any of the following remarks a.ppl>‘ 
equally to all; there are always more hypaxial fin-rays than 
epaxial ; this is due to the fact that a hroacllj expanded hypiiral 
bone is attached to the last centrum* Thus the tail is a higlilv^ 
specialized liomocei'cal form. 

This author has apparently never been fortunate enough to 
securer forms of Gadidm for detailed examination of the 

caudal fin sti'iictui-e or lie would never Lave said tliat during the 
development the heteroeercal stage is entirely \vMntiiig.” 

Gadus 7ni7mtus of one inch length shows an upwardly directed 
urostyle along the dorsal edge of the last hypural as clearly as in 
tire flat-fish; this becomes much reduced in the adult and is 
in fact almost completely lost ; and since the extremity of the 
vertebral axis is almost precisely the same in all fidult Gadidse, 
it is quite reasonable to suppose that the young foiuns in every 
ca.se are similar to G, ^niniiius. Cuniiingliands error in this 
connection led him to suppose that the G ad i die “ are descended 
from Crossopterygian Ganoids with diphycercal tails and ha.ve 
never passed through a heteroeercal condition.” The latter 
statement, how^eveiy fails tlumi^^^ 

Assuming Chinningham to be correct as rega.i*ds the diphycercal 
condition, Boulenger comes to the conclusion that tiie Gadidiu in*e 
descended from a homocercal form, such as the Berychhe, but 
that homoeercy xvas entirely lost, and the isocercal (i. c. the 
diphycercal) condition .... is the result of tJie foimatioii of a 
new caudal fin.” But development proceeds just as in any liighly 
speciah‘zed bomocercal form, and hence the caudal fin of the 
G a dida? cannot be considered a new^ thing. 

'Fhe caudal fin of this family further conforms to advanced 
liomocercy iu the great reElueti on of the neural arch of the 
penultimate vertela'a. : in all previous figures of the Gadoid tail 
the last vm-tebin hut one is slu>wh bearing an epin-al hnuc ; luit 
in a.ll the Gadi<]{c toxaniined, this has pnived not to he tlu* case; 
immediately dorsal to the pen nlti mate vertelii’a. t}u>r(‘ arc* always 
two clorsal caudal radials perfectly free and mn'er fused wiUi any 
otlier .part, of ■; the ■ neiglihouring ■.skeleton. . Tl}'pa.xial]y , 'tlm; 'Sa.mc^ 
vertebra alwmysl,)€nrB;ahy 

:.\,;ThuS'the caudal" fin of- the,-.Gadidie. is undeniably a specialized 
form ■ of ■liomocercj*. : 

A CANT ll O P T E n Y G 1 t. 

A prelimimuy note will be necessary before entering into 
(leuiils of the types chosen in this sub-ordei*. In many forms 
iu wliich a free urostyle is present, there is a fin-ray svippoit, 
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which occnpies a position exa.cth^ in line witli the nrostyle ; 
fi (Uiiictilty comes ahxmt, th(3i*efure, in determining whetlier this 
elenu^nt is hjpaxial or epaxia,!. In sha[)e it closely resernhles the 
do^s^^I caudal rail ii Is, hilt the spinal cord runs along its dorsal 
edge ; it may therefore lie considered a dorsal caudal radial which 
lia.s moved Aumtral to the spinal cord; but its present position 
below the spinal cord makes it possible also that it is a hypiiral 
bone, or perhaps a. ventral caudal radial. For tiie present, 
however, 1 have decided to call it a hypural in order to simplify 
ilescription, l>nt tlie reader iiiay consign it to any of the three 
suggested classes he may consider desirable. 

SiniRANUS CABRiLLA. (Percifoiines, Serranidse.) (Plate XLIX. 
fig. 19.) 

The vertebral column ends in a- 'well-developed and free 
urostyle (wr.), whieh is about the length of an ordinary vertebra.. 
Six hypural bones (%.) of varying size are associa, ted with the 
last vertel)ra.I segment ; the most anterior of these powssesses a 
long spurdiive process, running parallel with the urostyle, and 
nmloubtediy functioning as an aita,clnnent for muscles; the last 
liypural is in direct line with the axis of the urostyle. Between 
the distal, ends of the hypurals of the second a,nd third last 
vertebriB is a. small cartilage (c.) which sha.res the support of the 
smaller anterior ventral caudal fin-rays. Dorsal to the urostyle 
a.nd e.xteiKling heyoiid it, is a slender splint-like bone 
protecting the delicate end of the spinal cord; this probably 
represents one or more neural arches of verte1)i*a^ now absoibed 
into tlie urostyle. Indepemlent of tliis bone, tlie last vertebra 
(^.r.) possesses a neural arcli of ibs owni ; the neural ai'cli of tbe 
peiiultiniate vertebra is much reduced, and tlie aaite- 

|>enultimate vertebra is provided witli an epural bone 
Three dorsal caudal radials (d.c.r.) support the majority of the 
epaxial iin-rays.A 

This caudal fim tliereforej, is a fairly typical form of a com- 
paratively lowly spetfializailhomocercal type. 

(hcTH).LA EiTBi;;scBNS^ (Pevmfoiunes, Gepolidau) 

iriiis fisli possesses a loxig tapering form of tail. The urostyle 
is [irominent though slender; four hypUTal bones are <attn.c]ied to 
the last vertebral segment, the last overla}>])ing the iirostylc 
slightly. All the dermotrichia of the caudal fin are hyjia.xial, 
though epaxially there is a. bone, not actually supporting a ray, 
which might be called a radial. Externally the median fm sysr.eni 
a}.)pea,rs to be a continuous one, but closely examined, there is to 
he found a very distinct and separate caudal. All the skeletal 
structures in tlie terminal end of the tail are very delicate and 
loovse, the neural and liaemal arches not being actually fused wuth 
the elongated centra. The tail-fin is^ however, definitely homo- 



613 


[Apr. 5, 


MR. R. H. WEITEHOUSE OK THE 

Oan'fiiaiuts vut/iaims. (PercifoiiTiea, Sparidoe.) 

The iircstyle is well liiarked and free, and four hypiirMls ai*e 
al-ta.clied to tlie last vertebi-al segineiit ; in all there are six 
hvpiirals, tlie second and third laBt vertebra^ ea.cli bearing one. 
E])axially, there are three <lorsa.l caudal radia.ls, aiid one epiiral 
Aviricli is attacherl to tlie antepeuultiinate vertebra. The iioura,l 
a.i'cli of the peonltiniate vertebra is reduced, ,l>etween the last 
dorsal radial ajid tlie last liypnral i.s a splint-like bone, the 
proximal end of widcli rests on the dorsal end of the urostyle ; it 
protects the ending of the spinal cord and is probably a, neural 
ainli. The lin, therefoi“e, is honiocercal. 

Box, SALPA. (Perciformes, Sparidax) (Plate XLIX. fig. 20.) 

The urostyle is well marked and distinct. Coi*i'es])ondiDg with 
the last vertebral segment are three hypui-als, two of which a, re 
large, and the most anterior is provided witli a ridge for the 
attachment of mnscles ; there are live liYpiiral bones in all ; 
between the distal ends of the first two is a small cartilage 
bearing a. few of the simill anteiior hypaxial rays ; a, very small 
simihxr one is present on the axiteiior side of tlie first Iiypiira,]. 
Epaxialpy, tliere are tlii’ee doi’sal ea.udal radials (d.c.r.), while tlie 
iintepeiniltimate vertebra hears an epiiral bone ; this epiiral is 
particularly interesting from the fact that in an animal 4 cm. 
long (fig. 20) it is seen to he tovo distinct and separa.te pieces— 
a neural arcli, exactly similar to that of the pennltiwia.te vertebra, 
find a,, long cartilaginous radial, the proximal end of which is 
sliglitly applied to tlie posterior edge of the nemnl spine.. In the 
adult, these two cdements completely fxise to forai an epural. 
A neural arvdi is present on tlie last centn^^^ 

The caudal fin of i?o,n is therefore homocereal, and slightly 
more specialized than that of on account of the fewer 

hypinals to tlie last Aun tebml segn^^ 

SmAius ALCKUo. ( Pcuoifcvrnies, Mfehidie,) 

,A fairly long ami free urostyle is present, ori the ventaxil^ 
of which, togotlier.witli the last ceniriim, are foirr fin-ray su])|)orts, 
three only of whidi are undoubted bypurai bones ; tlm is 
somewliat doii htf ul , Both the penidtimate and Hnt(:ip(riiiiltiiiia,te 
Ycrtebne bear hypurals, betAveen the distal ends of wliich is a, 
large cartilage bearing small fin-rays. Separated from this car- 
tilage only by the distal end of the first hypnral are two small 
catTilages, both of which, siipport tlie very smifll anterior c] axial 
fin-rayxs; a similar cartilage dorsally performs the same fund, ion, 
'JTiree definite rloi'sal caudal radials are present and one epural 
bone; neural arches are borne by each of the last two vertebrau 
A splint-like bone is closely fitted between tlie distal ends of the 
m*ostyle and the neural arch of the last centrum; probaljly it is 
a neural arc]> itself, belonging to some vertebra now absorh(».d 
into the urostyle, Cartilaginous epiphyses are present on most 
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of the tin-ray ynpport.s, and here and there are iuhlitional distal 
cartilfigea a.pplied to these epiphyses; they may represent the 
pei’sisteiit distal segments of radials. 

This caudal fin is a good intermediate form between the lowhr 
and the high]}?' specialized hoinoeercal types. 

Labeijs festivus. (Perciformes, Labridie.) (Plate XLIX. 

fig. 21 .) 

Xo urostyle can be seen in this form, it having completely 
fused with the last hypural bone ; thus the last hypural, urostjde, 
and last centrum {Lv,) become a single bone. The last centruni 
Ijears one other hypural similar in size to the last ; the preceding 
centi-um also bears a hypural bone. Between the hypural of the 
penultimate vei’tebra and the first of the last centrum is a large 
bone (r.c.r,), which on account of its not having actually fused 
with the centrum, is probably better referred to as a ventral caudal 
radial. Three bony dorsal caudal radials {d.c.r.) &re situated 
between the neural arch of the antepenultimate vertebra and the 
last hypural bone. In an exactly corresponding position dorsally 
and veutra,lly ( 2 . e. on either side of the distal end of the neural 
spitie and luernai spine of the antepenultimate vertebra) are 
two cartilfiges (c.) the posterior of which may in some species, 
e. g. Lah'us turdus, become quite radialdike. The extremity 
of the spinal cord is protected along the dorsal side of the last 
hypural by a secondary bony development (6\). 

Though the structure of this caudal fin approaches closely to 
secondary symmetry as regards general form, it is really not 
symmeti4cal owing to the fact that by far the majority 
(lermotricliia are hypa.xial. By the loss of the urostyle an cl the 
reduction of tlie number of bypurals to the hist vertebral segment 
to two, this caudal fin is a considerable advance in homocercy on 
the preceding type. ■■ 

ScoMBEE SGOMBEE. (Bcombrif ormes, Scombridae.) (Plate XLIX. 

fig. 22 ) 

The tail of the Mackerel is somewhat diffieult to interpret at 
first; sight as regards the ending; of, the vertelmilaxis ,;;it a,ppears 
as though a well-marked urostyle were present extending to the 
leaigth of the broad hypural hones. Examined more closely, 
doubts will arise as to its true urostylar nature for one or two 
reasons: — (1) its eard is cartilaginous and it bears dennotrichia ; 
(2) its distal end is cut square, a feature no urostyle elsewhere 
possesses ; (3) the end of the spinal cord entex*s slightly into the 
tissue of the proximal end of the bone. Another feature worth 
notice is tliat clearing agents do not reveal any indications of a 
normal urostyle fused with any other bone, and moreover, the 
couical last centrum does not turn upwards as a hook or reduced 
lu'ostyle as so many other forme show, but ends in a, direct 
straight line. The tail of is. the only other one 

examined wdiich closely resembles in the tei'minatioii of 
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tiio M.xis, ainl cloariiii*' {igont'S s'liow^ in. this an *:.>l>Iir|iia Ihit' 

r>i" fnsion iu: tiho proxlnuil (■■‘ImI <4' tJris I'oetaii^iula.r I^mio; t'lua 
,siii>gt,‘sts tliMi:: l.ho dista.l fnicl is liypura.K a;inl tiio proxinuii, a.i laiisi, 
|)rirt4}% is iirostylo iirivjl^ fused wiili t.lic liy})urn.], If luny In* se 
■ill iSWwiher ioe, ,but the that the* spiuaj eerd «M:iiers I'Jh^ 

|"»roxirMaii (unl suggests tiuit a, areh is a.lse ii'ivuh'ixL .Aim! 

tl'iis see!Hs te l)e the i):iterpretatiou, for it wuruoii i.H> uiiKtyi*' 
alone, since it is cart square, ti|:>|;H;,^(i 'with (^n.rtil;rge a.nd !'M;‘m!’s 
deriiiotricliia. just as a,n or<liuary hx'jurral dot's, It sts'ius saf‘v 
tlua'efojaa to say tliat tlie urostyle is greatly reduetMl and fnsod 

entirely with the last liypural i,n this (‘ase a, suiall oiua In siih 

tiien, four liyjmrals are associated witli tlie last veriiela'id segment ; 
the most aiiterioi' laahig [)rovided witli a ridge for tliti attarlriuent- 
of imistdes. Two dorsjd caudal I’^idia.ls are ytresent. Idie peaulta 
mate vtu'tedtra. possesscss a. retlruHid nirural ar(‘h a.nd a well tleveloysed 
hy|>nraL while tins aiiitt'peiudtiniate vertebra ]>ears an epural ami 
a hypural hcnie. ..AH the hypiirrds are firmly a.tta.che<l '■|.)roxi,imdly ; 
ti.m tlermotidehia embrace the te.rminal endoslceletid. su|",>portK to 
iJu.'ii* Irast' ; t1ins the fin foiMiis a most efficient organ of ItHajrriotitnp 
seen to at I vantage in the swift s\vinrining Mi.ickereL 

' Znrs VAimn, (Zeorliombi, J^eidae) (Pla.tct X];JX, fig. !2:h), " 

In th.i.s fish, the John Doiy, a 'fairly ' lyryticjil ilat-ilslr fo,rin, is 
met with* ■ The urostyle is lost to view; cleariiig siiows it .to he 
]')resent as a nii.:imte. ' hook enibeddetl i,n. tlie tissue of, fine last, 
hyinrnih The tlrree terminal liypiirals (y^y.) are fused , 'with '''the 
last centrum (LvJ) into a single jdcce, though the taitlines of 
tile liypunds still remain visible, '■ iriie last fjwo eompleie, (.Hintra. 
each have a %velht1evelo|Ve(l epural (f?/r) and hypural hone, ami 
the form(n,'are s|>ecia,lly interesting inasmuch a,s tliey. sh<,>w' clear!}' 
dhat the epural is formed liy a. Fnsion of radial with nonrid s|)img 
a.}r|in.ren tly l,)y 'unmns of a, secaaidaty ossillcatioi i. ■ ddu.i last cenl'iai n i 
has a small: neura,l ar(,‘h :'(;a.-.fo)'.<level('ip(ah Of c,>ther ,su]>|»oii.s of 
(lern'iiitiicliisi, iin,u;’ti are two dcusa.l (*a.nda.l 'ra.dia.ls (fAc.?"*) lietwcHm 
the last' epural and ■ hyjmi’al, and 'also a. ■ve.ntral caudid .radii il 
(vnc.f J immediatiiy' antmior to- tint large teriniiail. hyiiiiral jilate. 
.1,,dHrc^ajiila.l ::fin, thercfciias.is'a, S|M-!cia.liKet1 honioci,‘r(‘a.l type, ' 

Houma lutma. (Xiaaimmhi, Ideuromaiitla*,) (Plain XldX. 
llg. 2h) 

S'iifra. Inleti may he, taken as possessing a. good represindat-ivn 
fypti of PleiironecluM camial fin. It has a more ihiicate build, 
hut c'.ssmitiaJiy is vmy similar to that of ZmH, A clt'aiiug agmit 
sliows i.h(^ otlutrwise invisihh^ urostyle to h<^ a, mei*t> fiook lllo^ 
upwaidly dir('<‘1tM] iermination of the last cent.ruim Tlu' hmr 
liypurals of this ecntrum are firmly united, though less so than 
iu ZcutH, and occu})y a terminal position. The pmiuhimato viatehra 
lias a, wel]nlev('lo|)e:l epural (c;;,) and hypui'al (////,) hone: since 
nd'e-naua*. has beam made by (Jole to the corresponding epural and 
liypural in Ihe Plaice, it is iideresling to com pan ‘ them in the 
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two speeii^s. in iiho IjivevpfH.)] Ooiiunit;t,oe M(3m()i;r oo 

t.hi-; (Js>lo Hftys, o'li j). r)0:-- ‘‘I’li tl:io laKt disi;iiuM:wve!i:ie:l):r;i 

{■L e. thci pell ill vertidn-fi) It do tihe neural 

sspine !■es^‘lnhll^s llie hienial 8'pine in striietnre, lint lilnit liotli are 
|:KM:?'i!lia.F. ,E<‘n‘li eoiKsistw of m, i-w.n'tly (‘a.rtiia.ginouK shrift liehiiul 
a.nd a. thin Imniua.i.n poii;i<ni in front, ddie ‘postc^rioi* sliai’ts so 
eiosely ^•(^s«^tnl)h‘ the sneceeiling epural (?. r. (lorsal ejUKlril railijil) 
am] h 3 'ym,:ra! (;/, e, vent.rai caridal railial) bones :respeeti\''e!)^ as to 
svfif/cal that an (fnmd ahore and a hyjnmil Iwkrw hare fused on to 
the laniimiU which iattier ace ruiihiiil.ilieflly siniilar to riml 

peihajis ie|):resent the nenral and Imnnal s|rim\s in front. .As, 
iiowever, we have no positivi* (‘vi<:lence of such a fusion, the spines 
in (pH‘,sti<»n are liere deseidbed as simple iienral and liiBinaJ 
spines;'* 'IlnMigli in hholm, Iniea tihis point; is not so obvious as in 
Idensonecirs^ there is to lie seen a distinct fusion line running 
i.runsvm'sely aeross the pixixivnal part of the epural, so tliat a 
]tariilh‘lisin does occur lietween the iavo species. I take it that 
(Jole rt>se:r\"es comniittance on tlie siiliject on tlia ground that 
aetual fusion lias not lieen observed iluring develcipnieiit ; but it 
is scarcely tn be expc'cted tliat sucli a minute featuin as tbe' fusion 
of a radial with a nenral or laemal s|iine will be reciapitiihitcd in 
development, so d.hat ]a(*k of enibryologkial evidence would, not 
lie fata:,] to the theoiy. But we have semi in tlie case of Jhi^mzlpa' 
tilait ^;u^!b a fusion 'can be traced in ilevelopment ; laid dole' been 
ai*<]uaii'ited 'witli tlris .as well as nvnneriiiis', other c'.3xaniple8 re- 
smu filing that of' t-be -Plaice; he ilouhtless would liave considered 
il'U'se opurals a.iid hypurals rnore- than inero' neural .and haniial 
spines.' • 

T('> ci)in,|deio the ilescripiion ■ of the' ca,'U(h:il fin of there 

are t\vo (lo,rsrd, ■ca.isrlal. . radirds (lAc'.r.) between the epural ,nn<l, 
'irv'pni'al liones ; itr the .ci:n,aa,3Sp(.indiiig.' jKisitiiiii' vcu-it-ri'dl^^^ .tlnuai is 
av'vaivrtrral crnnlrd rmiird (r.e.r.). ... llie liist ceii truin' h,ea.rs a iieund 
ruidi (n.n.) wlrh'h is not, as may be at first suppos(*<h a, nrostyle, 
sinci‘ the S|iirird ianal (sync.) prm tlrrougli it, in the. fashion ef 
of hi*r luau'n! aixdies, in its course along the dorsal (‘dgc iif ilie 
hy pural. 

The caudal fin, then, is a hem type of an ;idvan(*ed 
natm'fv It- may fa,* :n'H,ri;vtioncd.Thnt. (.dihiumspe«*H‘H of h*oka^ tag. 
S, inouorhir ami Ah wipwrr vlilier froni Hdlutea, only in t.hc mmihi*.r 
of ituaninal hypirrals find the tnxttnit of tlieir collatiaad fusiian 

(humus FAmvN'FJuars. ((lohiiformes, dobiidaa) (Plate ]j. 

ilg. 25.) 

The urostyh* {m\) is greatly reducod, and almost nonnwisituit 
and fused with the last hy pural bone* '‘There are throt^ hy|iurals, 
tlm last two, the largest, beuig fused to the last vertebral seg- 
mmd.. A. small traeo of neural arch is present on tlie fast 
lamtnun and tliat of the penultimate is also reduced* ’ llmmlly 
thmn are two caiulul radials {(Len\) and ventraily one (itc.r.); tlid 
latter lying hotiwmi the first and second hypurals* The spinal 
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cor<l «iu 1,)(‘ ti> exiO''H|} {'Ouriii: ilie vv'hoh) of 'iIh* 

liyi'.mriiL 

(''{i.rtilag’o very into iliis enuOal lir, lirali 

iibe a.Dtvrifvr doEsa.l aiiri aiit<‘riur ventral Ou-rays lire au|>javii'iM| 
in* c*;irtilj'ige whieh is sonieAvijat. iriT^^nitirly a re! whirOi 

ivx:t.(ivin'ls i:!ivvin)0s eveii in tile verkOira.l {rxis, it i,.s the irregular 
na.irunM,)!’ t'lnxseunvrtJlages tha.t has le‘i me to atiaeh, jk* iiiigeei'ouef* 
to iJicvni MS hoiMologuos of ortlin.-u-y snppori-itig elejiii'Mis stH*li as 
rarliais, hot merely to regani t.lieiin hotji hre’e and fna'iifeiilJy 
elseM'imrej as eonvenitart seeouilnry develo|)iiH*ut)-; t)) sii|'>|<t"n*ti the 
Ic'ss i m I )Oii:an t (lerm( )trieh:in , 

.1.' liMVe h'eeii fort.imat.e' in obtaining n. faii'ly' good ,set'‘it;‘s of 
(1eva'‘lt>|)inental stagt^s of a.nd the larvie sianv exerH-ilingly 

well how a eoiidition in whiidi the nrostyh:* is vray imielf re«h'iee«l 
in tije mlultj is |,:»'reee«1e<! hy stages in 'wliieh, this stnielaire is \‘r*ry 
prominent; a/ml how, Iry a, se(a>ndaiw ejieroaeliin«ad. r»f iiie 
hypural lione, tlie nrostyle is iiu.?orj.M»rated wit^h l.lus hyi'airal. 

The <n:uKlal iin of Gobim paganfihfB is a typo of cotisiileralily 
arU’siia'ed homocerey. . 

E'CaiKNIMB NAUCaiATBS. ( jhi.sc(K‘eph.a.ii.) 

'A long uadh(levolof)e(l irrostyle is |)re.sont, ■ a,ttaehet1 f{nnhieh, 
tiOgetdier witii the last^ e(m.trn.m, are six hy|>i,i:ral l;:*rnu;xs ',i‘li»s<d'y' 
litting' togetlier. A. xva-*lh-ri(:na)i<>p(ai\tn;a:n:‘a:l ii is idosely apphi^l 
to tint dorsal e«lge of tfro last vertehra.l segnietdi ; tint pennltJmaio 
vortcdira, I'xissesscxs a hypural amTan .e|..mral,aind, iinnu’diately pos- 
terior to tlie' la-i'-ter arcs ti')ree'.'d()rsa.i..(;*iiuihd: ,ra<.,iia.ls, slendoriy hnilt,. 
This tin, .ninst tiierefore,:l,)e eonsitlered a lowly , spCHaali/Aad lanao^ 
rereal eaiala.h 

Si'oinMiNA staiorA, ..■■ ''(Helarcjpfirtd., oBrorpivnitlw , (Plirte ' L. 
iig. 'i7.) 

The vi rtehral axis {‘uds in ji well-inarkeil and fi'oe tiroslyhs 
d’hriK^ und<ad)f.eil hy|HU‘aI hones are at4>iu*.he<l t,o the last Viwielnal 
segUM'ut, w]dh‘ in a. dimd» line with tlu^ axis of tlu^ uvostyli^ is a 
shaelor ray hearing hotie whteh umy ho eoinsiderod a hypural or 
a. radial. HtdAveen this hone and the epurid (^/a) atiaehod to 
the antj(^[>enidtimate Vfudnhra. are three dorsal eau<lal radials 
(rAr.r.). '‘.Fhe neural areh of the pcMndtiumte \‘ertehia is rediu'ed ; 
there is also a slender hom^ (ujiJ) immediately Miiov<% aud 
elos(dy a f)pro.xi milted to the urostyie, W'hieh prot-eets t he delit'ale 
ending of iht' spinal cord ; it is probably, Uierefun*, a jumral audi 
of sj)mo verttdira, now absorbed into tlie nrostyle, Hotls Hu* 
second am! iJiird last vertebne bear a Hinmg hypmal hone. This 
eanda.l fm is an exeellont ('xamph^ of a form luternaKilaie hetwism 
ai. h)wly liud a highly siKicdaiizcai 

dhimnA frxKATA, (Beleroparei, Triglidfe.) (Phd.c^ L. (ig. tiH.) 

The nrostyle here m practifally lum-existent, and trares of it» 
can beseem only after tJia tail has been troaiiid with a clearing 
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aj^enti ; thvis tih<^ la.wt voriitis'hiul set^ivioiit ;uh 1 tjlie la.sit hypiira.l 
baeoma one soHO sinietnre. more hvj'viirrils are 

to tli(^ L‘ist V(n;t<'hi-a.l segment Mini one is also alta.elied to the 
preceding (MmI.rnm. Hk! whole ot <!orsa.l coiitribntioii to 
the caiulal tin, is svipportetl by four* eavidai raxiials. The neiirjil 
areh ti> t.he penultimate eentrnm is inneh reiliieecL Thoiigli 
ehissilied in tflit:-'. sa.me division of Ax^ajit-ho'pterygii a,s Sc(}rp(.vjiay 
Triffhi fM'ovides a, striking e-(>iitra.st; to this form in the tlegree of 
sj>ecd:iliz!iti(in of the ejividal tin, being cjiiite a, Idglily S|HHjij;dized 
ty[,»e. , 

i.t iiANc^SfHiPiTS BOAivEii. (Jugidai'es, 'rra.('birddae) 

'Che nrostyle is Jil)smit or indistingiiislmbly fthsed witli tlie last 
bypural !»one. Ilypaxially, the last centrum l)ea,rs three Ijypnral 
bones, and epa-xially a, well-developed neiinil arcli. The pen- 
nlt imate \'ert(‘l>i*a, possf‘sses a liypnral lame, but its neural a rcb is 
greally redm'cil ; the antepenultiinate vorbdira bears both a 
liypmral a.ml epnraL Between ' thcvepnral hone and the' ueiutil 
ardi of the last centriivn .av(3 tliree (Icnvsal, fnitii.lal :ra.<'lials, W'bile 
btd'Aveen iihis same luyiirarareb and' 'the? Irypiiral wivicli is' fused 
\vit.h tlie last cerdirnm is a ray»l)eat‘ing bom^ wliit^b, is |)rol:)al,)!y an 
(^paxial (deirnmt, tlsongli sitnattal ventral to tire spinal cord, since 
it is tisiuri ff)r tlie larostyle to fuse with, the la,.st, if any, of tlie 
bypural lK>:m:*s. ddiis caudal tin, therefore, .attains to a fairly' 
high staaitliird ofd.ioiiHHayrey.- 

iJALL.iONVM'ns, ' EYiiA, (Jugulares,-' Oallionymidax) „■ (.Plate' L, 
fig* 26,) ■■ . ■ 

Tlie caudal tin of (Mllonpnms is a, \Hn*y simple type. ,',No 
.nrostyle is prosent ; the -last-. V'(n'.‘tebral segirieiit ba,'s tbnye' !iy|,a.t'rals 
tirinly ati ached to it and to each other, tlms forming a. single 
piece*, to which ilorsally IS also fiised tluy neural arch of the. last 
vcrt*ebra. The |HUUilti.iiiiite bears an ejmraJ alula 

liypnral, a.nd laie rlorsjvl caudal radial (fic.r.) is presrmt. 

tjiumaoKrH AiuiEXTATr'S. (thigulares, Ble.nnilda‘.) (Plate L. 
fig. 2tK) 

nrostyle is ptvsent only as a small hook emhcddcMl in the 
tissue ot iim Iasi liypnral Ixme. nypa/xially, the last vertebral 
sr‘gmtmt possesses two bypurals of about, erpial size, while ilorsally 
it sh<nv's t, races of two neural arelajs, through which the spinal 
(uird passes on its vvay some distance beyond the end of the axis, 
fidie penidtiinfite vertebra possesnes an epuml ami a bypural ; 
posterior to tbm is a large dorsal caudal radial Immediately 
adjoining the distal end of the last hypuml, ami on ite dorsal 
side, is a.' small ray-bearing cartilage, and another one on either 
side of the dorsal mdial ^ Similar cartilages are to b© fotnid 
venttvdiy in a corresponding pwition. This camial fin, therefore, 
will be regsirded aa,,a , 
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Ophibiijm barB:VTUm; (Jii^-ulares, Ophidiicbp.) (Plate L. 

%.•](}.) 

AM tlie median fins of tins fsh are continuous vvitli one anotiher, 
and the caudal proper may in this particular cose be limited to tiiose 
derniotrieliia whicli are not suppoi’ted by the typical radial or 
soma.ctid of the dorsal and anal fns. This confines tlie c:uid;d 
rays to tliose eight or nine supported by a large terminal hypnnd, 
often deeply and irregularly cleft, which is firirdy coalesced w'itli 
tlie lost vertebral segment ; the. nrostyle therefore is reduced to 
the merest vestige, A dimiiiislied neural o.rch is to he seen on 
tlie last centrum, and the nerve-cord runs along tlie whole length, 
of the dorsal edge of the hj'pnral. Thus the eandal f n itself is 
exceed i ugly simple in form and very liigldy specialized. Tim 
neural and luemal arches of the penultimate vertebra, bo,ve a 
cartilaginous shaft fused to tlieir posterior side ; in I'eality, tliere- 
fore, they may be considered epural and liypural respectively, 
but bearing no fin-rays. 

General remarks on the Acanthopterygian Cmulal Fm. 

A sufficient number of types from various divisions of tlie 
Acantbopterygii have been dealt with to show how, in a single 
sub-order of Teleosts, the structure of the tail-fn may vary, 
Even in the same division of the sub-order, vastly different tyfies 
a, re found ; for example, in the Perciformes, tlie genera 8(yrranus^ 
Box^ CkmFiarmy and others have features characteristic of the 
less specialized homocercal tail, such as a long and free nrostyle 
and a large xiumber of hypural bones attached to the la,st vertebral 
segment ; on the other hand, the Wrasses (Labridie) have lost 
these lowly specialized features and attained to the rank of high 
specialization. The Scleropanei provide a similar contrast, 
■Bcor-pmna liaving a much less adva.nced t 3 "pe than tZVd/k-. It 
■would be (lifiicult to account for such variations between types 
otherwise so closely related, except on physiological gx'ounds, Imt 
it indicates that the tail-fin is not a safe guide, or rather, a 
wiiolly satisfactory cliaracter, by wliicli fishes can lie classilied. 

In the main, however, advanced homoeercy is exhiliited among 
Acrinthapturygiaxi caudals, excjept for tiie Perciformes; this 
(livision possesses the greatest number of less s|iecializeil tails 
(the Labridie are the only faxnily with tnuch exceptioii), but it;, is, 
as a division, the least specialized among the AcantluytiTygii. 
Prom tlie foregoing <ieseriptions it \vill he seen that tlie Jugula.i‘(‘S 
possess the most advanced types of homoeercy ; of the six geimrii 
wliich liave been subjected to examination, viz. Uravoseopns^ 
Trachinns, Lepadogaster^ jBlenninSy Cristiceps^ and Ojdttdin 7/y all 
possess advanced features in the caudal fin ; but the Jugu lares are, 
as a division, among the most specialized of tlie Acanthoptmygii. 
The Zeorhombi occupy an intermediate position, and all members 
have very similar tails: they have a greatly red lu^od urostybi 
fuscnl with a hypural, and also a largo luimhor of liN'^mrals to the 
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l;ist vertebral segment ; thus tliere is an arlvauced feature (the 
foriaer) and a lower feature (tiie latter) lioth present in the same 
caiulal — in otlier wonts, an intermediate condition in speeialization 
is present, wliich is consistent with the intermediate position tiie 
division oc*nupies among the Acanthopterygii. 

It would, tiierefore, seem that each iiidividujd division has its 
own grades of specialization wibliin itself, and in tliis minoi- 
classilication the structure of the tail does correspond with the 
general structure of the fish in respect to specialized features in 
general. In the Perciformes, the Berranidm are among the least 
specialized of tlie several families, and the Labiadie are at tlie 
other end of the scale; and it lias been pointed out that mem])ers 
of the former family have less specialized tails, by far, than those 
of the latter ; thus caudal features correspond with speeializi^d 
features in general, within this division. Exactly the same 
thing occurs among the Bcleroparei, where tlie least specialized 
members are the Scorpienidie aiid one of the most specialized 
tlie Triglidm ; tlie Scorpienidaj have lowly and the Triglidm 
highly specialized caudal fins. 

The Bcleroparei are a more specialized division than the Perci- 
formes, and yet Soorpmna^ among the former, lias a less specialized 
tail than tliat of Labnts in tlie latter division. 'I.liiis wliile the 
caudal fin may not be depended upon as a feature for chussification 
in a liroad sense, it maybe useful within the sco })0 of a single 
division. 

0 PI ST HO MI. 

Mastacembelus sp. ? (Plate L. fi.g. 31.) 

Tills fish possesses a continuous unclifiereutia.ted median fin ; 
the urostyle is well-marked and free, and equal in length to a 
vertebra. The limits of the caudal fin proper are probiibly best 
lixeil here by tlioso dermotriclua supported by hyp viral bones, of 
which two are associated with tlie last veiTebiul segment, tlie 
anterior one being obviously composed of three fused collaterally, 
and one with tlie penultimate vertebra. All the rexnainiiig fin- 
riys of the median fin are boM by radials ; no epurals are 
present. A trace remains of the neitmrarcll to the last; vertebra, 
ddius the tail is definitely liomocercal ; in regard to this, it is 
sbr.'inge that autliors refer to it as a gephyrocercal teil. Tlie only 
possilile fouiidatioii for so naming this type is tlie apparent 
sy m metry due to the confiiient fins ; it must, however, be insisted 
on that gephyrocercy indicates true secondary syimiietiy, i, e, an 
abbreviated protocercal condition. It is obvious that such a fiiil 
as that of MmtaceDLbdtLs cannot be refeired to the same categoiy 
as that of Fierasfer. 

Pedioulati. 

Lop HI US piscatoeius. (Plate L* fig. 32.) 

This fish may be said to illusti^ate the extremest type of 
advanced homocerty. Px^i^oticfdly; only one hypural is present, 
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tboni[,4i is sornewliafc cleft disUlly ; tin's stroctiire is tlie sole 
siipport of tl'ie eight caudal rays;. the last vertebral segment Irrs 
become most completely fused with the liypuraL Tlie wlioli3 llii 
presents a most compact and solid structure. The neural .‘ind 
iuemal spines form an imbricate series, each overhipping tlie 
behind. 

Plectognathi. 

Balistes capri>scus. (Sclerodermi.) (Plate L. fig. 33.) 

No trace of a urostyie remains, and two large liypural l)oiies 
axe firmly iinited with the last centrum. For sixcli an a,dva,n(u>d 
condition of homocercy an irregulaxity occurs hei.‘e, for the ])en“ 
ultimate vertebra possesses an eiDiiral bone {ef) instead of tlie 
usually greatly reduced neural arch; the peniiltiioate vertebra 
also bears a hypural bone. Two dorsal caudal radiahs (rlc.r.) are 
closely wmdged between the epural and last hypural, and a ventral 
caudal radial (me.r.) is found between the first and second liypurah 
The whole fin presents a,n .apparent symmetry. 

4. General OoNCLUsioHs. 

There is every reason for believing that the most specialized 
caudal fins bave been evolved from a common primitive type, 
which is referred to as protocercal ; modifi«rtions of this produco(l 
the heterocereal form, which in turn was followed by the hoino- 
cercabtype., 

Protoceegy.— A protocercal fin mn,y be defined as one wliich is 
primitively symmetrical externally and internally/and lienee one 
which has not. undergone any reduction or modification of tlie 
original form. It is very probable that the protocercal tail is not 
found in the adult condition among any living fislies. The Gyclo- 
stoines are sometimes credited with having a protocercal caudal, 
hut it may be that it is a degenerate condition, arub not a per- 
sistent original .structure..' Since' -the original p.rotoce;rcal '.caiulal 
fin was continuous with the dorsal and anal fins, and thus 
.'undiflerentiated, it is not .-..unreasonable .to -.suppose, that' tl.u3. eon- 
'tii'ivious fin , wa,sfsup'ported->similarly. throughout, L ewliy a -serhis 
of .ludials." - 

'must 'not he supposed,., however, -that -protocercy 'is always 
associated with a continiious median fin ; during development -in 
Teloosts tiie elements of the permanent clifierentiated median fins 
are laid down before heterocercy is established, so that fluxes is 
evidence for ^supposing diiferentiatioii of the median fins 
occurred in adult forms before heterocerej was adopted. 

I:Ii'yrEMKiEBCY.~---Oonfimng attention to typical forms, the 
heterocercal caiidai fin may be defined as one in which the 
extremity of the chorda is directed upwards, and which as a 
consequence is unsymmetrical, the lower lobe being larger than 
the upper, and, moreovei‘, one in which, when contra, are formed, 
tliese elements I'einairi distinct to the end of the axis. 
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Ileference to %. 1 (PI. XLYII.) will render a, full descri[5tioii 
uunecessaiy ; this forni may be coiisideretl quite t3q.>ie<il except in 
possessiug’ wlia.t may be regaialed a,s an iiicipieiit urostyle at the^ 
extreme end of the axis. It should be ol.>.ser\T^d tlmt on the 
dorsal side tlie se])ara,tion of the radials from tlie neural Jirdies 
anteriorly, and their gradual approach to and ultimate fusion 
witli tlieni posterioi-ly, suggests that wluni tlie mediiui fins were 
eontiiiuous there was a gradual, traiisitiou, from befoi'e l)ackwar<ls, 
f]-oni widely separated radials to fusion of radials and auclies. 
Tiiere is evidence that the same thing occurred ventrally, but the 
fusion of radials and arches has taken place niucli furtliei* forwai*d 
owing to the fact that the enlarged lobe recpiired i\, much firmer 
ba.sc^ of sujiport; several Eiasniobrauchs rehiiu the line of fusion 
in tlie adult (e. g. (xale/im and Acanthim), 

lIoAUxmRCY. — Tlie hornocercal type of caudal fin is c]iara,cteristic 
of the Teleostei, and is a specialized form of heterocercy. Tlioiigh 
tlie term is very broad in application, a tail- fin which is externally 
syiipiietrical, but in wdiich the majority of the fin-rays are 
vsujipqrteil internally by hypa.xial, elements, and in wbich a- true 
urostyle is present eitlier in. the adult or some time daring larval 
l^tory, may safely he referred to as a hornocercal caudal iiu. 
f Special {ittoution lias been directed towards ascertainiiig wliich 
features may be used to determine the degree of specialization, 
exhibited by tlie hornocercal caudal fin ; these (diaracters may be 
enunuiratedasfollows:—-” 

L Oh(m^>cte<rs^'m of (ihvuUgree of 

{(i) Notocliord exserted beyond tlie actual vertebral axis. 

(Ji) Long urostyle, xiot incmrpora, ted witlr an adja.coiit bypiii‘al 
' bone. 

(6') Vestiges of fin- ray supports of the nature of opistluiraX 
ca,,rtila-ges. 

{(1) Large number of hypural bones associated w^itli th 
' vertebral segment. 

: (Jlupm may' be (|uoted as an- example of -this type, 

, /' II. ■ of a high degree of epecudizcA^^^^^ 

(rt) Greatly red lieed urostyle, fused with a liypural b()iie. 

(/>) .Reduction of the luimher of Iiypunds assfudated vvitli the 
last vertebral segment 

Among tlic caudal fins examined tliere is considerable eviihnua^ 
forlluioming to substantiate the view that hypurals and opurals 
formed by the fusion of verted>ral arches and radials, and th(‘. 
following may be (pioted as affording examples : — uiamthms^ 
iAihois, ifeiei'odo-titws^ Acipeimr, i^al?/o4on>y Sif/mlontisy 7Yo/o,s'a.s, 

A ngoAlay ('Orger, GctdihSy GadUidm^ Molva^ Motelluy CejiirUcoe., . 
Beioopy Box, Znrs, Pkiironoetee^ . j, ■ ’ 

' " -pBoc-. SkliSi 
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I'lie figures liere reproduced from tdiose of Agussiz ure iiitei’(::‘stiii£ 
in showing how, in hornoeercal tails, the (.wiginal eaiidal fin i.- 
i-e placed by a. more a-nterior fin ; I ha.ve ol,)se:rved exactly tin' 
same thing in Athefina^ and it is biglily probable tliat it is <piitt 

Text-fisr. 57. 


Development of the tail of til eFIoiujiler. After Prof Alex, Agassiz. 

% notochord ; embrjonic caudal fiirg/a liypural plat 

a general rule. The deep incision between the original and 
permanent caudal is very probably only the vestige of a once 
prominent gap between the two fing/and hence the Im 
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ca.vuliil fill iiiiiy be consiileved to be a ])oatei*ior aiuvl - or, in otliei' 

words, a more {infcerioi* part of the ventral median fin. — broiio'bt 
into a terminal position by tlie great abbreviation and upturning 
of the chordal a.xis. 

(bEPHYiiocERCY. — “A. gepbyi‘ocercal candal fin rna.y be defined as 
one wbicli is (piite symmetrical, externally and internally, but 
with symmetry secondarily acquired. Fierasfer dmitaius may be 
quoted as a typical, example. Many forms wliicli are geneially 
considered gej:)liyrocercal (e. g. Mastacemheliis and Angmlk^^ are 
not so, but clearly homocercal. It is worth noticing that there is 
no embiyological evidence that lieterocercy preceded the gephyro- 
cei‘ca,l condition. 

Ma-ny other terms are used in works dealing witli the cavulal 
fin, but the four terms here used — protocercal, lieterocereal, liomo- 

c(3rcal, and gephyroeei'cal, understood a.s defined liei’e- -will probably 

incdiide any type of piscine candal fin. A common term not 
insisted on in the present pa.per is diphycercy, which implies 
perfect symmetry, externally and internally ; it ’ tends to be 
aanbiguous, for symmetry may be either primitive or secondary, 
and primitive diphycercy corresponds to protocercy, while 
secondary dipliycercy corresponds to gephyroeercy. However, 
diphycercy iiiay sometimes prove useful to apply to a. truly 
symmetrical fin al)out which any doubt may exist as to its 
primitive or secjondaiy nature. 

Taxonomic Importance. — The structure of the caudal fin 
cannot be considered a safe criterion for taxonomic purposes, 
thongb it inay be useful in this connection among the smaller 
divisions, as is well illustrated by the Acanth opt eiygii 

5. Additional Note. 

Since the foregoing paper was written, Professor 1) olio has 
(IraAvn my aittention to liis memoir on the fislies of tlie t .Belgiea ’ 
Expedition of 1897 - 99 (see Literature, ref. 11), where he advocates 
a double nomenclature for the candal fin. Briefly, this author 
considers it iiecessarj to a.dopt two teinns™~'(l) physiological, and 
(2) numphological. This may be conveiiiently Kiimnmrixed as 
follows ■ , , 

, ■ ' : I. Physiological '(or 'Etholggxcal), ■ which : "refers to. ■ the 
external foiin of the fin ill its relation to the 
Y''.of life.'", 

(1) implyingy .expaiided ; or f am shaped 

form.;’/' 

(2) implying a tapering form. 

II. Morphological, wdiich refers to the internal structure 
of the fin. 

(1) JDiphgcerccd (or Protomrml). 

, 33 ( 2 )' 
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As result of souie discussion on the subjcndj Professoi* ! 
jiiul injself are of tlie opinion that the follou’iiig rn<Klili{uti(>ii is 
advisa,l)Ie 

I, IhiYSiOLOOiGAL, wliich refers to external form. 

(1) implying . ‘in expamiod or faivshaiMd 
form. 

(2) O'Xj/cercal, implying a tapering foian. 

II. AIobphological, %vliieh refers to internal striictnre. 

(1) Protocerml. 

(2) Heierocercal. 

( 3 ) IIomocercaL 

(4) Ge2)hj/rocercaL 

For the use of those who prefer to adopt this donlile noinen- 
elatnre, a few illustrations may be found useful. 

Ilhipu(locer(?al hoinocei'cal Pohjodon. 

Bhipidocercal gephyroeei'cal . , . Ortha<j()riscm. 

Oxycercal Iieterocercal Chlmyrydosdaek^^^^^ 

Oxyeercal iiomocercal AngwiUa^ liastucendHilm. 

Oxycercal gephyrocerca] ...... Fiemsfer, 
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Reference Lettering. 


Ill) Basi-dovsal. 

c Csirtikge supporting iin-rays. 

d Distal sogmoiit of radial. 

d.c.r. Dorsal caudal radial. 

dvr Dcrmotvicliia. 

a.h Ensheatliiug bone protecting iiotocliord, 

ep, ... ........ . Epural. 

f. Fulcra. 

V; Hvatus between dorsal and ventral rays. 

//.o Huimal arch. 

A//. Hypural. 

l.I), Inter-donsal. 

I Ah Last vertebra or centrum. 

HL Median segment of radial. 

Notochord. 

■ Neural arch- ■ . ' 

nuid' Probably a neural arch }»rotecting end of spinal cord. 

'n.s, Neural spine. ■ . 

o.c. Opisthural cartilago. , 

ji). Proximal segment of radial. 

pAh'' Penultiniate vertebra or eeiitruni. ♦ 

Yf, Secondarily developed bou)' sbeutb protecting the 

spinal cord. 

, '.Spinal cord^ . 

«r.:" ' -.Urostyle. 

..... Ventral caudal radiak 


EXPLANATION OF THE PLATES. 

Plate XLVlL 

Fig. 1. Caudal fin of Keiorodontus pkilHppL Illustrating a typical Elasmobnmcli 
heterocercal caudal tin. At the anterior end of tb(‘ ventral lobe will be 
seen two radials (v.e.r.) quite distinct from the hannal andics- Dorsuily, 
at the anterior end of the fitij the radiak are well .separatetl frouj the 
iKHiral ■archc&. Tlk 'pitjximal eiuk' of the homy tibros have, throughout 
th<i fill, been removed id order to expose the endoskclotul supports. 
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Fig". 2. Caudal fin of Act penscr stu rut. Illustrating' tlie UaiiKrid iH.‘t<u'oe(3n!a.i loriii. 

'I’lie iivoMiiaal t.Muls of the fulcra mid dcnnotrichia have liecii cut away t<» 
cxjinse the eiuloskeletal supports. 

3. Caudal tin of Poli/mhm stpatnUi. Illustr.nting a more specialized 

corcal Ganoid caudal. As in tlie jireccding typos, the jiroxiuial ends ot 
tlioMhu'rn()tnAnh‘i and Hiku'a have hoou removed. 

4. Caudal fin of Am hi cairn. Modified from KolUker. .illustraiing a highly 

special ized heteroccrcal form : nsiuilly rtderred to us henii-heteroceia'ah 
f). Caudal fin of Clii2^ea lUusti'aiing a lowly siH'inalizinl homo- 

cercnl eavidal. 

6. Caud.al fin of Kofoplams lorneeusis. On the ventral side tiie caudal is 

continuous with tin? aual fin. 

7. Caudal fin of FJotosits sp. r Drawn from a young specimen 1.1 inches 

(3'S cm.) in lengtli. The fin-ray.s (r/cr.) on the dorsal side ilUistrah* the 
procurrent caudal’’ of Hegan. Note that tlie first fin-ray anterior to 
the hy]mral of tlie penultimate v(?rtehva lias no radial as a sivjvport, amt 
tlnis seems to unticiputo a similar condition ventrally a.s is toumi 
dorsally. 

8. Caudal fn\ of Sj(}ioih}nt}s sefiaJh The fusion of radials and arches clearly 

shown, 

Plate XLVJIL 

Fig. 0. Caudal fin of Jje'ptoccphiilm hrea-^lrimtylii. 

lU. Caudal fin of Ani/m/la vnli/aris, dif incljc.s (12 cm.) in length. Of llm 
10 rays which are truly caudal, 6 are hituveated distally. Note the 
excellent evidence of fu.sion ot radial with luemal spine shown in the first 
bypuiral, the fusion line being very distinct. 

11. Caudal fin of Amtfuilhi milparh^ adult. The uro.style and last cent, rum 

liave completely coalesced uith the last hypural. 

12. Caudal fin of Cmiper milgniAs. The figure was drawii from a specimen 

cleared in xylol, thus showing the outline of tin? hast vertebra (/.e.), 
which otherwise remains invisible. The first and second ]»y])urals siiow 
the fusion of radial and arch extremely well. The dermotricliia are ciii. 
short. 

13. f'aiKlal fin of Cleared in xylol. 

14. Caudal fill of Ficrasfe/r (PAihloflmi) dentatus, .From Emery. IllnstrateM 

(rxtreme condition of gephyrocerey. A distinct gap can lie seen in the 
rnedian liiie .separating the dorsal and ventral demiotrichia. 

15. Caudal fin of Bi/nunatJms arm. Illustrates an extremely simple type oS 

homoc'erey, very symmetrical in appearance, though really ’wholly 
hy|>axiiil. 

Plate XLIX. 

IC'gAfi. Caudal fin of 

17. Caudal fin of Alai v a milgarh^. The dorsal caudal radials (//.c.r.) are quite 

free, hut sliglitly overlap the neural arch of the peiuiltimate v<‘rtel»ra,, 
thus giving, in the figure, the apiiearauce of fusion. 

18. Caudal fin id' nrcfmfafitJi. One of the best instances among 

Teleostei of the formation of hypnrals and epurals by the coaleseem’e of 
radijds and arches ; radiahs are to tm seen in tho varionV stng<t.s of fusion, 

19. C^andal fin of l^erranus eahrUla. A somewluit loosely constructed skeleton 

and a type of homo(;ercy iVecjnently inet with amorigM:he Acaintlicipfe^ 

20. Gaud aC fin of ilo.?* Figured from a .specimen 4 cm. long, 'riie 

young stage has been chosen on account of the neural arch of the pen- 
ultimate vertebra being separate frrnxi the dorsal cjuulalradial iminediatoly 
posterior to it : these two element.s fuse in the adult conclition ; otherwise 
thcvadhlt forin i.s the sarne. . , 

,21'.. Caudal fiir Lahrm fedlvm, AXho figure gives Aim appeimince after 
(deaia^ngvvith, xylol. 'V.* 

'■ 22, Caudal fin of Bccnnher scamhcr. 'Pigirred as .seen after clearing, agents wore' 
■ used, ; 'noi,e , thif las.t. centrum, shows' no ; sign,, of upturning at ’, its posterior 
end. . ; 

23. flindal fin of 

21. Camlal fin of Sol kr hUea. As it appears when chared in xylol, Note 

the '.-pinal cord pierces the neural arch of the last centrum. 
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Plate L. 

Pig-. 25. Caudal fin of Gohins ^^aifamlhis. Note the large auiount of eavtila'-'-e 
entering into the skeleton. 

26. Caudal fin of CaUiouipnus lijra. A very advanced form of homocercy with 

no complications. 

27. Caudal fin of Scorpmna scrofa. Interracdiate between a lowly and a highly 

specialized horn ocer cal caudal. 

28. Caudal fin of TH//la lineata. Figure drawn from a cleared specimen, 

showing well the vestige of a urostyle. 

29. Caudal fin of Orisf.iceps arpentattis. 

30. Caudal fin ot' Opfikliuui harhatwn. The caudal proper is confined to the 

rays attached to the tenninal hypural bone. Note the cartilaginous shaft 
fused to the posterior side of the neural and hsmual arches of the pen- 
iiltiniate vertebra. Tlie median fins form a continuous series. 

31. Caudal fin of 3[astaeemhelns sp. ? Forms part of continuous median fin, 

but the caudal proper is wdiolly hypaxial. 

32. Caudal fin of Lophius pi'scatoinus. The extreme case of advanced homo- 

cercy— a totally hypaxial fin. 

33. Caudal fin of Balisfes eaprificiis. 


2, Soirie Notes on Tasmanian Fro^s. 

By T. M. Savage English 

[Received March 10, 1910,] 

(Plate LLt) 

Taking into consideration its outlying position and its com- 
paratively small size, Tasmania is the home of a surprisingly 
large number of frogs. 

Seven species have come under my own observation, and it is 
about these that the following notes were made in the years 
1901-3. Tliese species, all of which, I believe, are also found in 
theneighbouringStateofVictor^are:— 

lAmrwdynmtestmmcmUm^^^^ 

^1: ]jimnocly7iastes dor 

3, Crmia mgmfera. 

4 . (Jrmia Icnvis, 

]\seMdophryne 

IJyla 

7 . Ilyla (mrm. 

: No' others .than these', seven "have come; under the .notice , of' 
,Mr., Fletcher' (Proceedings- 'of,,.the Xinnean '.Society :of 

N. S. W.-, 1897, p.' 66'2)c ■' He- and oth,ers, inclu'di,n,g myself, have, 
-.tried in .vain ,to ,lind ' Crinm Mr.,,''-'Bo'ulehger 

considers that, though this is beyond doubt a well-marked species, 
there is reason for thinking that the specimens of it which ha-ve 
belonged to the British Museum since 1858 may not have come 
froju Tasmania. 

* Communicated by (I; A. Y.P.Z.S, 

t BT)r cxpliumtimi of the Plate .st‘c p. 634. 
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Tw^o otlier frogsS, Limnodyncistes peronii n,iid Ilyla parcrndL 
lia\'e been credited to Tiisinania, in both cases on tlie streiigtl;i of 
single speciniens presente<l to the Eidtish 'Musenni by iSiv A. 
)Sniitli ],)efore 1858. Here, again, the evidence of locahty seems 
doubtful. But in a mountainons aiid forest-cbnl eountiy, frogs, 
however abundant they may he, uve difficult to find, and it is only 
a, small portion of Tasmania tliat has been explored for tiiem at 
i\\l; so tliat it is quite possible that these and perliaps other 
species mnj exist. 

Tiie rjismanian climate is on the whole mild and even, with 
regular seasons. Its winter resenddes that expei‘ienee<l in the 
south of Europe, tliougli the me?in teinpeiuture of siimniei’ is not 
higher in Tasumnia than it is in the nortli of Fi’mice. Idie 
luinfull is <listributed over tlie year, and tlie drouglits of iihe 
Australian mainland are unknown. 

This eliniate allows the frogs of Tasmania to breed at almost 
any tinie ; so that it is nearly always passible to tiiul tad pedes in 
5iny suitable pond. But each species seems on tlie wliole to keep 
to its own particular season. 

IViking the species in order : — 

1. LiMNODYNASTES TASMANIENSIS. (Plate LI, figs. 1, 2.) 

1 found this frog abundantly in the neigldiourhood of Iloljart 
in tlie south-east, and towards the nortli, around La,uneeston and 
Westbury. Tliese places liave a smaller i-ainfali tlm.n tlie a-verage 
for tlie island. On the north-west coast, where, at IJlverstone and 
Devonport, tliere is sufficient rain for tree-ferns near sea-level, 1 
did nut find it. 

The stone, or log, under which it makes its home during the day, 
is usually in a somewhat moist place, l>ut I/irmudjpiMsUs 
■enms is decidedly terrestrial in ibs hal)its. I never found a single 
individual in thc^ water, and if thrown in it at once im dees for the 
l)a.nk, swimiiung badly. 

A well im irked speeimen of tins frog is a really b<‘aida‘fui 
croatuce: light brown inclining to yellow, or occasiiaij illy pis ik, 
with large and regidarly placed sjjots, whicli may iHMoitlavr riel) 
<lark h] 'own. or giTnm, with or witlu^m^^ a lighter edging. I'h'om 
this (uiUrrallon it may vary to an almost iiuiform dark Ifrowui, 
sonut-imes l(K)kmg almost black. The <lorsiai stripe is geueraliy 

brigldr yeliov'. 

1 found <)ne at Wtxstbury, towards the em of summer (Fel)ruary 
1902), whose dorsal stripe wa.s of a hi'illia.nt orange, almost ixmI 
()*/'. cob. nir variations of Myla eiomgii and Orhiia sifpd/m'a from 
the same place). ' h 

I wiis not able to deterinine satisffictoialy the note of Linimh 
dynaMeH iaH^niank,nsi% though a noise like tw'o stones being shiirply 
sta* i iclc togetbei*, whicb I repeatedly heard from a licap of loose 
rock on the bank of the North Esk, near Launcestoii, in April, 
]9{)1, must ]):ive cciine finm eitlieid this species or flylfr 
Xuinl.)ers of hotli were: under /the stones, but xiootlu frogs. 
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2. Limnodnnastes dorsalis. (Plate LI. fig. 3.) 

Of til is species, wliicli is widely distiibuted over tlie iiiaiiilaiKi 
of Aiistrjilia., a.iid is probably common in most parts of Tasiriaiiia. 
I only secured one adidt specimen. This I found at tlie end of a 
burrow in sand under a lai'ge stone. It was in a ratlier dry part 
of some Euealyiitus '*' biislv/’ but not far from a small pond. 

If I am right in supposing tlmt a loud booming note, wliich 
can 1:>B lieai-d considerably more than a quainter of a mile a.wa.y, is 
due to this species, it is common in the neighbourhood of Hobart, 
Launceston, Fingal (in the east of tlie island), and on tlie iiortli- 
Avest coast. 

Tlie only other frogs to Avhicli this note could be reasonably 
attributed Avonld ap].)ear to be TAmnodyruistes tasmcmiensis and 
Jll/ko a'U.rea ; but the former does not seem to occur on the noiih- 
west coast, and tiie latter is not found near Hobart, 

Lids IS liy far the most noticealile frog-music in Ta,smania, and 
when, as is usually tlie case, a number of frogs are uplifting their 
voices togetlier, tlie effect is tint of a somewhat ba.il)ai*ic banjo 
perforina,nce. Tiiese concei-ts take place in or around some faiiiy 
deep pond, and, however quietly one approaches, according to iny 
own experience, invariably cease before it is possible to exactly 
iiuirk down the ptulbrmers. I have never been aide to notice 
a.ny disturbance in tbe water, and lielieve that tlie fi'ogs must be 
singing at the entrances of tlieir burrows, and tiiat these are well 
concealed iinder roots, stones, ifc-c. 

This frog, on tlie north- west coa^t, retired for the winter of 1 902 
alimit tlie middle of Apiil, and Avas in evidence again towards the 
end of August. 

At IJlverstone it Avns spawning toAvards the end of October, tlie 
egg- masses iN^sem’bling' lumps of froth about (> inches, or rather 
less, across, On the 7th of HoA^ember some of these had fairly 
larg(3 tadpoles in and under them. These tad|>oIes were very dark 
in colour, with AU()let reflections^^^ 

Earlier in the year (September) I had found some very large 
tadpoles of tliis species (finches long), Avitlihind legs jiist foianing, 
and at tlie saane time some quite small ones. On tlie lOtli of 
Hiiveiiilier some of these Avere showing signs of front legs, and by 
Hecember they had become frogs. ' 

„ '3.: CRiNiA^BiONiFjiiRA., {Phite LI.' figs.. 4, 5.) ; 

.T,^liis 'a,ctive', and va,rial.)le'-.Iittle,'frog Avas' A^ery common' AAdi ere ver 
I Avent in Tasmania , and its eiicket-like chirp Avas to be lieard at 
abnost any time of the year ; so that it does not seem to hihernate, 
It is decidedly aqviatic, diving to the bottom at the slightest alman 
a.inl icmaining motionless. 

iNo kind of water seems to come amiss to it, from a rapid 
mountain stream to a muddy puddle. As a rule, liowevcu', it 
prefers watci’ wliich is fairly shallow, and so is often oldig*‘cl to 
beinmc terrestrial during the heixt of slmnuer, Avhen ail the 
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s'ltaJlow p<:)(>ls .‘iro <:]iy. At this time of the year these frogs are 
to 1:)B foiriid, almost j'vlways singly, iiiKler stones a.iicl in cr{:w‘.ks i,ii 
i.l'ie ground, into M-hieli tlieir small size allows tliein to go dec^p 
encnigli to tind ji secure and eoniparati vely moist reiiro'at. 

They (;liir]> to eacli oilier iucessiuitly, hy day Jrs well as in the 
evening, and tlioifgh the note of a single one is (aiiiipfiratively 
weak tlie (*mnl)iued efforts of the nninhers whicli gather together 
in any suitalile jihice can be heard a. long way off. 

On land tliese frogs are as active as eridvets, jind exceedingly 
ditiiciilt to catcli. In tlie water they swim well. 

The colour of Crima signifera is as a rule dark brown or gr^y, 
hut it is most vaiialile. The male is darker than tlie female and 
maybe almost black all over, though he is generally lighter under- 
neatin Tlie under surface of the female is usually wliite, with or 
without dark spots. Wliile bree<ling, the male seems alwuiys to 
liave a, black tliroat. Tliere is sometimes a terulency to bright 
l)rown or orange markings ; and in l^elirnary, 1 902, 1 found one of 
these fi*ogs at Westhury which was of a fairly bright orange all 
over {cf. colour vaiiations of Zhnvodgnastes imrn/miensis and of 
Ilyla ewingii from tlie sa.me place). The young and also tlie tad- 
poles are intensely black. 

In January, 1901, I found that most of these frogs at Holiart, 
and at Zeehan in the west of the island, had the backs of their 
thighs and their hinder pa.rts blood-red, giving them a. truly 
diabolical appea-rance. I did not, however, find any of them 
coloured in this way except on these two occaskms. 

This species has a continued chirp, hardly to be distinguislied 
from tliat of the mole cricket, which is such a common llisinaniajx 
imect. or h'om thiit 0 ^ Rseitdophry lie hibro^^ 

Crkiia haKS its main spawning season during the 

{vvituinn and winter months, from IVl.ay to August. A.t this time 
of the year these frogs are not neaily so active as usual, thougli 
of course this may lie owing to the colder w^eather. 

The male clas})s tlie female round the waist, 

Tlie eggs are in masses, spread over stones and weeds at; the 
bottom of sliallow water, and the tadpoles are exceedingly small, 
as are the young frogs. These, at first, a, re less tlian a <jiiai‘ter of 
an inch in lengtli. ■ ■ 

; ' :4. ' CriniA' LiEvis. ■ ■ (Plate 'Ll. fig. 6.) ' ' . 

I found tliis species abundantly on the nortli-'West coast; also, 

„ wlienTliad got tO' know where to look for it, at Westhury liiulnear' 
Laimceston., ■ But 'as it see'ms'tol;)e. not only nocturnal bub silent,. 
: it . is, veiy possilily ; far . more, common tlian'' it appears to ■ be. 

■ ■■ All my specimens were, under logs.' or stones lying on .swampy 
or at all events fairly moist ground, but, in complete contrast to 
drinla signifera^ 07'inia Imvis to be altogetlier ten*ostrial, 

not even going into the water to spawn; Indeed, in life-liistory 
and habits these two frogs seem to have nothing in. comtnori, 
■while Criula /frrrkvcloseJy resembles bibronli it is 
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perhaps a little more active than this last, but still is l>\" no 
liiejxiis difficult to catch. 

The colour of this s].)ecies, in Northern Tasmania,, does not 
seem to vaiy much. Abo\'e it is light grey, becouiiug paler or 
white underneath, where it is marbled with dark grey or black. 
The ‘‘ concealed surface ” at the groin is pink marl)led with black. 
A. breeding pair, near Devonport, had irregular lirown blotches 
on tlieir backs, while the throat of the lai'ger of the two was dull 
yellow. 

This frog may peihaps be responsible for some of the clurping 
wliicli conies from the Iiaiints of the smaller Tasmanian batraeluans, 
but of this I was never able to assure myself. 

Its breeding habits are peculiar. It does not deposit its eggs 
in wabcuG l)ub in a smooth-sided nndergi'ound cbambei*, either 
liollowed out or a.dapted by the parent frogs. 

On the 30tli of Mai'ch, 1902, one of these nests contained, two 
frogs as well as a mass of eggs. (I never found more than two 
frogs of this species together : cf. Pseiulo^jhryne hibronii,) This 
mass, after being put into water, held together for a.bont a iveek ; 
then the eggs sepai*ated. The tadpoles began to free themselves 
on the 4th of May. Their colour during their earlier development 
was a. i-a.tlier pale lirown, but befoi-e leaving tlie egg they became 
cpiite dark. There was no appearance whatever of exteiual gills ; 
and while in the eggs the tadpoles did not move at alL 

5. PsiUTDOlUIRYXE BIBRONII. (Plate LI. fig. 7.) 

This little tofid, the only knoivn representative of the Bufonidc-e 
in Tasmania, seems to lie widely distributed over the island, for, 
though I never saw one of them except in the aiitiunn, when they 
gather together for breeding, it was abundant wherever I ha,p- 
paued to be at this time of the yea.r : at Hobart, near Launceston, 
and near Devonport, in March, April, and May, 1901, near this 
last place in March and April, 1902, and at Perth in March, 
1903. - ■ ■ 

A fter rain at the end of March, 1 901 , they becam e abundant and 
noisy near Jjaunceston, I found over thiity packed closely together 
under one log. 

This species is slow in its movements, andwalks luther than 
hops. In tiie water it seems perfectly helpless, and as, like 

it leaves the necessai’y water for its tadpoles to be provided 
l)y siibsequent rain, aii(I frequents dry hilly country, it is probably, 
except for a sbort time as a tadpole, altogetber terrestrial. 

In colour it is dark brown above, occasionally almost black; 
beneath it is liutrbled, blank and wdiite or* grey ; while those parts 
of its legs which are usually concealed, except when it is walking, 
are brilliant yellow and orange. There are indications of a yellow 
vertebral stripe. 

Tdie note of 'Pseadoph 7 ''yne hibi'onU is a chirp, which I could not 
distinguish from tliat of Crlnim aigmfiro!. As is the case with this 

last' ' frog,, ' the: ■ '' ; n timber;;' ■■ of 'iVdlP'is'ft 
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Wixot of power, and t'ho resultliig concert (*;ui be? 
cjilled noisy. 

The breeding b.‘il)its of tlie present sjxeides are to a. 1ai*g(i erxi-ent. 
those of Orin/m lawh'^ except tluit it is more sociat. 1 aJwn.ys 
found large coinpa.niexs gatliered tog(xt.ber under logs and stonixs in 
I ibices wliere, after rain, ponds would form. T}u3y do not weeiri 
to iua,ke nests like Gnnia kerns , bnt deposit tlieir eggs under any 
convenient stone. (I iiever found any eggs lunler n, log, but tin’s 
of course may liave l:)een a.ecidenta,l.) Tlie eggs do not seem to 
ailliere eitliei* to ea-cli otlier or to any tiling else. 

On tlie 2()tli of A.prii, 1901, I found a collection of these <ggs, 
wbicli I jiut into water. Tlie taxipoles began to wriggle at once, 
a.nd witliin twelve hours they were free and svviniiniiig about. 

6. Hyla ewingii. (Pla,te LI. figs. 8, 9.) 

This frog seems to be abundant inmost parts of Tastminia-. The 
oidy place from which I might have recorded it, and did not do vso, 
is Zeelian, and I am almost certain tliat this is an accidental 
omission, 

It is on the whole arjiiatic, seldom going far from water, and 
living very generally under stonovs or logs on tlie bank of some 
pond or stream. When disturbed, it dives in with all speed. 

It <loes not seem to be really arboical, though it may occasionally 
cliinl) up ten feet or so from the ground. I have never heard its 
note coming from the top of a tall tree, a,s one hears that of tlie 
European Il^la arlwrea^ though this may perhaps he a,ccoiuited 
for by tli 0 very slight shelter fror^^ either sun or enemies that a 
frog would iind among the leaves of any fnll-growm Tasmanian 
Ilucalyptiis. 

Where plants are kept in pots on a veranda a colony of these 
frogs usually settles, ami its members seem to appreciate regubir 
watering as 'much as, -the plants do, generally greeting itwvith 
song. 

' ■,Exce|,)t when ,l">reeding,, Jlyla (neingu i'S inactive during tlio day. 
Its regular concerts begin towards sunset, though, as is tlie ca.se 
with niHuy other frogs, its voice is heard when rain is a|>|)roaching, 

;or at times when certain loud noises. excite it '-ra|,a(,l hannm.n'iiig, 

for' instance. 

It does not seem to hibernate, but is sluggisli in cold v'ealilier. 
Its cxdonr is alniost invaiiably some sliade of brciwii, closely 
resembling that of its inimedii^^^^ 

, M,i*. Jv J, .Eletcher has ..found 'that near the vSiiminit of ' ,'M',oui,it 

Koskiusco, in New'Boiith Wales, frogs of ..this, species .are bright 
green. I! e attidbutes this to the fact tlmt a;t tins altitude, tlioiigli 
the days may be warm, the nights are almost always frost}?' ; so 
that no insects are abroad then, and the frogs have to liiint for 
food l)y day aanong green vegetation. 

In January, 1902, I found a specimen at Westlniry which Imd 
some- liriglit green patches on its back. The colour ol th<‘h(‘ pa-tclu\s 
seemed fixed p at all events it did, not vmy with that of' tlu! rest 
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of the frog according to its surroundings (cf. colour cariations 
of lAvinoclipuisiGS tcmnaniensls and Orirncc slgn/lfera from the same 
place). 

The note of this frog reseinliles that of Hyla arhorea, but is not 
so loud. 

Ilyla evnngii has its regular breeding season in wintei*. In 
Juljg 1902, it was spawning at both Launceston and Devonport, in 
pools and ditches such as would be chosen by Eana te/ingjoraria. 
Its spawn is in masses, very like those of this last frog l ait smaller. 
Tlie first ta,dpoles appeared at the end of July. Tliey are verv 
small, and at first quite black, becoming paler and silvery under- 
neath as tliey develop. 

During November the pools they frequent in a normal season 
are fast drying up, and the water which remains is packed witli 
tadpoles. Eiirlj^ in December these pools are mostly dry, and the 
tadpoles have either become frogs or perished, the jiiace wliere 
tlie last water stood being covered by a layer of their dried-up 
bodies. 

7. Hyla aurea. 

This, the largest and most conspicuous of the Tasmanian frogs, 
seems to be decidedly local. I saw or lieard of it only in the 
country drained by the North and South Esk rivers, whicdi unite 
at Launceston to form the tidal Tamar, and by the Mersey, whicli 
falls into the sea at Devonport. There is only a low watersheil 
between these two basins. Wherever it is found it seems to lie 
abundant : near Launceston, Perth, Longford, Westbury, Eingal, 
and Deronport; and as it is diurnal, it is not likely to bo over- 
looked if present. 

In its habits it resembles liana escidenta^ being essentially 
aquatic, and in summer liking to sit in the .sun near the water, 
into wliicli it dives with a splash when alarmed. It is a powerful 
swimmer ; its usual custom of returning at once to tlie bauk after 
having dived in, can be well accoiinte(l for by the fact that the 
rivers it frequents all contain large trout. This fi'og seems to b£^ 
impatient of cold. In 1902, at I)evonpart, it disappeared after a 
few frosty nights at the end -of Ma,rcliand the beginiung of .April,' 
though tlie weatlier uvas on the whole wann for quite six weeks 
after this. Near Launceston I found largo numbers of these frogs 
luider stones daring April, 1 901 , I only once found one climbing ; 
it had got about three feet from the ground in a buKsh. 

A well-marked speed inen of this species is most gorgeously 
coloured : green, gold, blue, and white ; but from tliis it may vary 
to dull brown, and when about to i*etii*e for the winter to almost 
.black,' - 

Beyond au occasional and not very loud croak, I was never able 
to hlentify tins frog\s note, though for a eonsideraJ)le part of one 
summer my window overlooked a pond full of then]. 

I was not at any of the places which they fi-equent during their 
breeding“Season : this is probably September or the l>eginning of 
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(Jctobei*. AJ> WestbiiiTi towfii*(Ls tlie eii^l of JaiiuMry, 19(^2, trub 
poles of tliis spetiies were \'ei*y a,l)iii,i<la.nti aiul were developing tbeir 
iiiiul legs. Dnriiig FebniaiT they became frog.s. 

These tadpoles are very fish- like in colour : greenish olive aliove, 
silvery wliite beneath. They make a. most attractive spinning 
bait for lai'ge trout. 

Ilyla aurea is one of the many a.dditions whicb have been made 
of late year's to the fauna of Kew Zealantl and to that of New 
Caledonia. 

EXPLANATION OF PLATE LI. 

Fiji's. 1 & 2. Limiiod//nrif(l:e.'i ta.smauie}isl.% siiowin.g' diiferent types of colouring'. 

Fig. a. Lhrifiorh/ncfiites dormlhs. 

4. Criuia siffnlfera, $ in the breeding season, 

5, Crinin sitpiy'era, in lute summer. 

Ck Ct'h/ ia he v is, 

7. Fseudophri/He hihrondl, witli eggs sliowing the development of tbe tadpole. 

8. Hifki ewiiipil,, showing its norunil colour. 

y, Ili/Ia ewiiiyii, from a quarry of brightly coloured sandstone. 


April 19, 1910. 

Dr. S. F, Harmer,,M.A., F.E.S., Vice-President, 
ill the Chair. 

The Secretary read the following report on the additions 
made to tiie Society’s Meimgerie during the inoiith of Miu'cli 
1910:-- ' 

The number of registered additions to tbe Society’s Menagei’ie 
(hiring the month of March last ivas 100. Of these 30 wei'e 
accpiirecl by presentation, 18 by purcdmse, 35 ivere I’eceived on 
deposit, 12 in exchange, ami 5 were horn in the (birdens. 

Tlie iiuinber of departures during the same period, by deatdis 
and ' removals, wa.s 1 90, 

Amongst the additions special attention may be directed 
•to.:— 

One ¥imm {IMis tmwolor) c?, from Tueuman, presented ))y 
'AlecrS./Waley, Esi]., on Mnrch\22n(b 
, TwO' , „ Muscjuash. {Fiber zlheihicm), from , ISTorth America-, 
pnrcdiaj:«;i{b on MarchA 6 


A ilte Malay Fsnimida *, 

' ; On .behalf' of Oldfield Thomas, F.RnS.,,IhZ..S., two specimens 

were -exhibited vof a new M:onkey/of .the. gen its 'which 
had been obtained by M'r. H/’O- Bobinson. during a r'ecent..eNpec]i- 
tkm. 'to the' northern paiTs of /the ■Malay' States 

* Pnblishrrl by pcrmhsion of th(‘ Trustees, of flip Britidi Museum. 
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It was proposed to be called 
PliESBYTIS ROBINS'ONI TllOS. 

Abstract P. Z.S. 1910, p. 25 (April 26). 

A white Monkey, with darker underside, haiids, and feet. 
General colour above creamy white; the hairs wliite to tlieir 
bases, iiiixed, however, with a small number of blackish hairs. 
These dark hairs became more numerous on the sides and belly, 
where they outnumbered the white ones; the general tone of the 
under surface grey, about grey no. 6 or 7 on the belly, darkening 
to no. 5 on the throat and sides of neck. Outer side of arms to 
wiists whitish like back, inner side and whole of legs with an 
equal mixture of dark and light hairs, resulting in fil^out grey 
no. 9. Hands and feet greyish brown, with a tinge of bistre in 
it. Tail greyish white tiiroughout. 

Skin of face dark, except the lips, which were white. Long 
liairs of occiput dii‘ected forwards. Hairs of forehead radiating 
from points over the temples with a median ci*est between them, 
but both the whorls and crests differed considerably in the two 
specimens. Ea.i'~tufts wdiite, considerably surpassed by the long 
brownish hairs wliicli grew from the lower parts of the cheeks. 

A female specimen was whiter* throughout, tlie uiidei* surface 
more nearly whitish, but still darker than tlie upper surface* 
Dimensions of the type, measured in the desh : — 

Head and body 565 inm. ; tail 824 ; hind foot 177 ; ear 30. 
if ain Ko-IHiau, Trang, Nortbern Malay Peniiisula, 

Type, Adult male, British Museum, No. 10.10.1.1. No. 1236/10 
of the Selangor Mnseum Itegister. Original number 31B4. 
Obtained for Mr. liobinson by a native collector, 10 Januarjq 
1910. 

This fine Monkey, which was obviously not an albino, differed 
conspicuously from ail its allies by its wliite upper and darker 
lower surface, all other members of the group having the belly 
lighter than the back, ’ 

Mr. Thomas had great pleasure in naming it after its discoveier 
M‘r. H. Cb Eohinson, ' Director of M'useums, Federated ■'Malay 
States, by whose scientific energy our 'knowledge of Malay 
Mammalia had been SO lai’gely increased. 


^ A €loU4i'dio7i of smxM,:M(imnialsfrom>^ W 

On behalf of Mr. Oldfield Thomas, F.R.S., F.Z.S., a collection 
of small mammals obtained by Mr. Malcolin Anderson in Southern 
Shen-si fO'C . the. ■Diike'vof '.'B-edford’s'; exploration , of Eastern Asia. 
wa.s exhibited. Observations were made on the value of this further 
contribution by the Society’s President to the National Collection 

* The coniplete account of this new s|Hecies appears here, but the name and a 
preliminary diagnosis \\ ere published in the ‘ Abstract,’ No. 83, lOlO.—EaiTOR. 

t Published by permission Of the Ttitstoes of the British Musetnn, 
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;iiid on tlie resiiItMiifc increase in our knowledge of geogriiplvical 
zoology, a. sul)ject in wliose study the Zoological Society laid, 
a„lways liad so la.rge a share. 

A complete list of tlie s|)eciinens woidd he given later, ])ut in 
tlie ineaAitiine Mr. Thomas gave the following acjcoiuit (.)f thc^ 
new forms'^' : — 

Myotis MYOSOTIS ANCILLA TllOS. 

A.bstract P. Z. S. 1910, p. 25 (April 26). 

Smaller, with shorter eai’s, and more di‘al:)-coloured t/lian in 
true vi]/osotis. 

Size rather smaller than in mi/osotis, not so small as in hh/thi. 
Ears decidedly smaller than in myosoiis. General eolonr al)o\-e 
nearly a-pproaching* “ drab ” of Ilidgway, very difrereiit from 
tlie ‘‘ wood'-brown ” of and its pale Persian snlispecies 

ormrL 'Head inhher greyer. Davk slionlder-patcbes move 
strongly defined than in rni/osotisj blackish brown. Under 
surface as in ‘mj/osotis. 

Skull sliglitly smaller than in my osot Is, ami the bnllm smaller 
in correla.tion vith the shortei* ears. Protoeone a[)pa;rently ns 
ill m/jjosotis, not as descrilied ly Miller in hh/thi f. 

Dimensions of the type, tlie starred measurements taken in 
the .flesh : — 

Forearm 61 mm. (I’ange 59 to 62). 

Heaii and body ^M5 mm. ; tail ; hind foot 2 ; eai* '*'21. 

Skull: greatest length 22*2, basi-sinual leiigth 17, front of 
canine to back of 9*2. 

* Shang-ebou, S.E. Sben-si. Alt. 3300k 

Type, Adult male. B.M. No. 10.5.2.4. Original riiiml.)er 2082. 
Collk^ted 27,. November, 1909. . 

This is tlie eastern representative of the comiiion Eriropean 
M, myosotis. What its relationship is to tlie Indian form idyiln 
remains to be seen -wlien better specimens of tlie latter aia^ 
available for exaniination. But the type oi M, hlyiM, veemviHl 
in tlie Britisl,! AIiLsenm in the Tomes collection, is decidmlly 
s, mailer.'' 

M riMun’Us (EoTiTKNmMVs) Nux Thos. 

AbstractAl>.Z.S. 1910, p. 26 (April 26). 

Darker tha,n J/. with a longer and more tlistirictly IiiiHilivr 
tail. ,, , , , ' 

General colour above decidedly darker than in tlie back 
appiTwichiiig ‘iPi^ brown”; under surface also lirown, of a 
slightly inore biiffy tone than tlie upper surface, hut not sliarply 

* The coiJn)lete acroaiit of the aew spedes dewcrilH'cl in this coiaininjicntioii 

ai>poirs licvc, but since the runiies and pveliinmary diap;n()ses were published in the 
s Abstract,’ No. 83, 1910, these spede« avc clisthiguiduHV by the numew lieing' under" 
iina!.-”"'FanTOii. .. , ' 

; y It lliol. 8()c. tVasln'.xiii. !>.: 155, XOOO.','. 
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separated froiu. it, the l^elly on. the a%^erage decidedly l)ro\viier 
than ill Inez, Head ratliei* greyer. Hainis and feet dull whiti.sli 
or pale brown, }ivei*agiiig rather dai-ker than in inez. Tail 
longer than in tliat species (avei’age of 17 specimens 38 mm, a.s 
against 33 inm. in 14 inez)^ bicolor, dark brown or blackish above, 
dull wbitisli below. 

Skull agreeing closely with that of M. Inez, except that the 
posterior lateral palatal grooves tend to be deeper and more 
continuous, and thus to show an approach towards the single 
deep depression found on each side in mdanogaster, Bulke large, 
larger than in either of the other species. 

Teeth on the whole most like those of M. mez^ but showing an 
approach towards those of melanogaster by the junction of .several, 
of the enamel spaces, closed in the former, open in the latter. 
Thus in the normal 2nd and 3rd spaces, separated in inezy 
are joined as in melanogaster^ and in the two spaces next 
following the trefoil are frequently joined to each other as in 
Fitymys, Small extra internal projection on and m" as in 
if. imz. 

Dimensions of the type, measured in the flesh 

Head and body 93 mm. ; tail 39; hind foot 16*5 ; ear 10. 

Skull: condylo-basal length 23*6 mm. ; greate.st breadth 14*3 ; 
nasals 7; interorbital breadth 4; palatilar length 11; diastema 
6*5 ; palatal foramina 4*7 ; bullae, diagonal horizontal diameter 7 ; 
upper molar .series 5*6. ; 

Ilah.aiijgQ. Shang-chou ; S.E. Blien-.si. 3300'. 

Type, Adult male. B. M. Ho. 10.5.2.79. Oiiginal number 2089. 
Collected 29 JSTovember, 1909. 23 specimens. 

The discovery of this interesting species tends to conflrm the 
reference of if. inez to Fothenomys, about which I had some 
doubt- For while M. melcmogaster, the type of Eothenomys, has 
;nea,rly all its eement-.spaces communicating with each other, and 
if. has all closed arid separate, the present foriu 

diflers from if. exactly in the direction of mdanogaster by 
tlie opening of several of the spaces, the great majority of them 
liieiog still closed.;,; 

f MlCEOmS JOIIANNBS 

■ ' Abstract R Z. S. 1910, p. 26 (April ,26)f ■■ 

Hear if mmidar inm, hnt -rather ' smaller, with m.iich sinaller 
,skuii.;; 

, . ' General, characters'- very ■■■■much .as- in. :■ ; 'Fur 

soft and fine ; hairs of back about ll-lS mm. in lengtli. General 
colour above rather browner than Eidgway’s wood -brown, 
decidedly paler than in .if mandarimis, Iliider surface dull 
greyish ; the hairs slaty basaliy, greyish white terminally. Ears 
short, projectiiig but slightly above the fur; practically naked. 
Upper surface of hands and feet dull whiti.sh. Tali sliox*t, 
.f'drabby whitish-'aboye,,Aull-iyhEi;b4b^.'A':;-;;;'14-,-:'':^^ 

' ' - Fiioc.: 
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Skull broad and flat* very like tliat of M. mandurhvm on a, 
smaller scale. Brain-ease sqiia:.i’e 5 with well-marked angles, 
the ridges little developed. Anterior pa.latine foramina, of alxmt 
equal brea,dth, tbroiighont, those of mandarlmis broa.<'i in front. 


iiari'owiiig beliin d . 

Incisors markedly lighter than in m^andcirinus, tlieii' fa.ees 
orange to the tips. Molai- pattern about as in M. rnMndarm/tm ; 
nid with 4 space'KS, three outer and three inner salient angles ; 

with 7 spaces, 5 inner and 4 outer angles. All triangles 
separated .from each other except in 

Dim elision a of the type, measured in tlie flesh : — 

Hea.<l and body 95 mm, ; tail 23; hind foot 17 ; ear 7. 

Skull: coiidylo-basal length 24*6 mm. ; greatest breadth 15*2; 
nasals 7*0 x 3*1 ; interorbitnl breadth 3*5 ; pidatila r length 13*2; 
diastema 7*1 ; palatal foi*anuna 4*1 ; upper molar seiies (crowns) 


5*8. 

Hah* Mts. 12 miles N.’W. of Ko-Ian-diow, Slian-si. Alt. 
TOOOh 


Type. Adult male. dhM. No. 9.1.1,178* Original number 1950. 
Collected 5 June, 1908. 

This Yole was refei-red to if* mmidm'miis M.-Edw. in my last 
paper but liy tlie kindness of Prof. Trouessa.i*t I liave lia.d an 
opportunity of re-examining the skull of that species, and I find 
it to agree in every detail with two specimens now sent from 
Shang-cboii, 8.E. vSheivsi, and to differ equally from the Ko-lan- 
chow form, which therefore needs describing. 

If, however, this identification be accepted, it throws some 
doubt on the asserted locality of Mongolia chin oisiv’^ for 
darinm, and I think it not impossible tivat tlia ty]>e really came 
from 8. Shen-si, where David ■' made a small, collection, after, 
getting Ids Mongolian series. ' ■ 

fl/. Johannes is rejtdily distinguishable from M. mandeerinus 
by its paler colour and markedly snuiiler^s^^^ 


M’r. J. Lewis Bt)nliot6,."]Vl.A..,.F.L.B., F.Z.S., exiu'bitcd a. jello’w 
va.riety of Mus rattiis. This individual. Imd })ecn from tovii 
wild-caught e.xamples- of Mus mUus tecUmmn from Egy|)t. .'Ilu! 
long .hairs ..on the upper ’parts, which .aa*{viK)i.a;ualIy .l)Iiick, were 
.colourless' and the' shorter hody»hairs .Imd grey ,ba,sas ''wilb yelh'iw 
tips, ' So far a.s lie' knew, this was the first recorded exami>i(^ oi’ a, 
yellow rat, which w^as a colour (piite unknown to fan(\i(,rs a nd 
was never met with by Orampe or Doncaster, who bail conductxxl 
co.loiir-bre,eding experiments ."on: 'rats. . ;,.Altbougli it was noti-dob- 
ni.t'ely, 'Stated, th'ese 'experim.ents, hatl pr.ol)ahly bee,n cfHTie<l out with 
Mns 'mrmgicus, '..' .A careful .search':' through, the large serii^a^ of 
■Mus nittiis in the Museum also failed to hrmg to light, any yelhyv 
forms. ' ' . ' 

^ F.ZvS. X90S, a. .076. .■ , \ 
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resistant spores adapted for liftii outside tl'ie l>ody of tlie iK)8t. 
The spores so formeh are tiie menus of s]')renili]ig tlie parasite 
and lead to the infection of fresh liosts. Tlie two [iluises were 
formeiij' eoiisid,ei‘ed to lielong to sepjii'ate parasites ; but tl'ie 
occurrenice of a.ltej ■'nation of generatio'ns in tlie ■ iife-ejcle of 
CJoecidia wa.s first suggested 1)\-" li, Pfeiffer in 1892, conjugation 
w^a.s discovered in Coccidia by Schaudinii and Siedlecki ( 1S97), 
and tlie coiiiplete life-cycle was demonst.i*ated witli a wealth of 
niorphological and cytological detail in tlie celebrated memoir of 
the late Dr. Schandinn (11)00) on Ehtipjna {(joccidjhmh) sclmbergi^ 
parasitic in tlie gi.it of the centipede lyithobkts 

Coccddia liave been I’eeorded from most of tlie great groups of 
the Mydiazoa, l:mt very few (Joccidian life-histories have been 
investigated completely. 

Di*. Leipei', aviiile ivorking on lielminthiasis in grouse in May 
1909, noticed the occLirrence of Coccidiaii cysts in large numbers 
in the gut of many grouse-chicks, with concomitant enteiitis, 
very often proving fatal. The Coccidian cysts are oval and, at 
first sight, might easily be mistaken for eggs of worms. Leiper 
suggested tliat coceidiosis Avas a factor in ‘‘grouse disease,” 
especially in young birds. Through tlie coiirtovsy of Lord LoAait 
I Avas enabled to spend a few days early in June 1909 on a Bcotcli 
moor to iiiA^estigate coceidiosis in grouse cliicks Previously we 
had noticed, at Auirious times, the occoiTence of OGCcidiaii cysts 
in adult grouse, but not in large numbers. 

I have much pleasure in expressing nw thanks to l^mrd Lovat, 
Dr. A. E. Shipley, Dr. E. A, Mnlson, Dr. ITammoiid Smith, ami 
Dr. Leiper for aiding my researches by procuring material for me, 
and to ITofessor Kuttall, in AAdiose lalioratory miicb of iny Avox'k 
was done. I Avould also thank Mr. A. S. Leslie for placing me in 
coinmunication Avith correspondents, and to memhei’s of the Grouse 
Disease Inquiry and many correspondents I am also indebted. 

In tliis paper I Avisli to record my researcbes on the morphology 
and life-history of Eimeria avium, more especially as it occurs in 
the grouse. I Avould point out that the length of time at my 
disposal for these researches has been limited, only season 
being avuiilable to nie, for procuring xuaterial, and 1 have had 
sevei'nl other inyestigations to consider during the period, so that 
I was not able to gum undivided attention to the elucidation of 
tbe Protozoa of grouse. However, the complete life-cycle of 
Jimeria mmmij x‘esponsibIe for the dwindling of grouse ])roods in 
spring, is heme set forth for the fii’st time, so far as I arn awaire. 

" ' 'll. " The G ENERic .Hames Ei'Meiua axi> ' Coccwiiwl 

LTnfortuiiately, owing to the rule of priority, the generic name 
(Umclilium (Leuekart 1879) no longer holds, but is replaced by 
that of Mbmria (A. Schneider 1875). 1 am in sympathy Avitlx 

* Die Huniber of grouse chickfei dying' of cf)Ccidiosi» ou the moors is not easily 
stimated, for the chicks die in the be^ibh'er, and theii* tiny corpses arc rarely found. 
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PiHifessor ■ Miiicliiii wlien he. writes in t\ I'eceiit review: We 

regret to see the faiuiliar generic ntiine CoccMnmti :replfic<"Mi l»y 
f'Jimeri/i; this is one of those rnany ca.ses wlicre, ii:i on r opinion, 
1 ‘ehellion aga.iiist tlie law of priority in iionieiiclatiii'e is iioi'. only 
lau'ful l)iit imperative’^ (/Nature/ Marcli 3, 19.10). lii wmilO 
save much confusion if the question of zoological i:ioin.enc‘!a't.urf'. 
Avei'e settled ]:)y a,n international committee, as lias been snggestetl 
by many alile woi?kei',s. 

The Coccidia of liirds were first recorded in fowls by Silveslriiii 
and Rivolta (1873), under the name Psorosperminni mnnm. 
Snliseqiieiitly liailliet and Lucet (1891) recorded Coccidia from 
fowls, naming tiie parasite G. tenelhim, I ha.ve foilowcMl Dofh'in 
(1.909) in naming tlie Coccidia, of bii'ds Eiwm'ia (miim. iriie 
Coccidian ]:}ara, sites were obtained from gi‘oiise clncks, ami 1 Inu'e 
succeeded, in tra,nsmitting the Coccidia of grouse to fowl cliicks 
and to young pigeons. 

in. Methods. 

In tliis investigation of coccidiosis both fresh and preserved 
.materials were used. Sa.m]>les of gut contents, ta,ken from 
different regions, were examined fresh, and often these have been 
fixed wet with osmic or formalin vapour and stained by Delafield’s 
iueinatoxylin oi* l>y Gieinsa’s stain. 8uch smears w(ji‘e sometimes 
useful for examining merozoites. 

Oiicysts, because of the chitinoid a,nd almost iinjyiiieti/idilo 
cdiai’a,cter of their walls, had to be examined fresh. 

.’For preserved .material, ■ the best fixatives wei'e. found to be. 
Hehaodinn’s fluid (eorrosive-acetic-alcoliol), , and Bonin’s iiuiil 
(piero-foionciBjieetie) to wliich a few drops of a.bsolute alcoliol 
were added. Bcbaiulinn’s fluid tends to shrink tlie tissues, while 
'Boiriri’s fliiid rec|iiires much washing out. Bections, h/i to 6/i 
tliick, were made of the duodenum a, ml cjccum of infecti'd biriis, 
these },)a;rts of ' the digestive .tract being espedally examined, The 
chief ' stains used were Delafl eld’s ■.Imnuaroxylin (either .alone or 
cnuiitcrstained witli Oi'aiige Cl or eosin), whieli was found to Ih* 
inosi,'. us.efid, sa,f'!:*anin and, Ijie}itg:ri.in, iron,“liteiriaf;()xyliti (wit,ii 'or 
wiiliout van Oiosoids picro-fuchsin)' n.nd pirraearn'iimg ■, On tlie 
whole 'tlie luematoxylius proved of most /service. 

' , ■ IT, MourHOLOGY. , 

On diluting some of the cmcal contents or ffcciss of a, grou.se 
chick sulhu'ing from coccidiosis, and the pn^pa.raiiou 

microscopic-ally, riiimeroiis oval cysts are semi (Id. BVJ I J. figs, fl } 
65). B<)nietiin0s the cysts are also seen in the sma.ll intestine 
past beyond the (luodenum. These cysts may ha,ve Immogiajcous 
contents, or, wdimi older, may show four more or ](\ss well 
difierentiabed sp(>roeysts within thein (figs, 57-70). Each sf>oro- 
cyst, if ingost(?d by another grouse, can develop two aci^'va^, 
motile gcuans or sporoz, cites (figs. 71-76), whidi can pondrate 
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the intestinal epitlielium — especially of tlie diiodeninii-— a,ii«i so 
l)tigiii a new infeetiori. Thougli the oocysts and spores ^ire tlie 
most obvious external manifestation of coccidiosis, it is usual 
a/nd certainly more convenient to begin the life-cycle of the 
Cjot^cidiiim. witli the minute sporozoite (PI. LT. fig. 2), the agent 
wiiereby priimiry infection iwS brought about. 

(a) The young, growing Parasite, 

The sporozoites are minute^ falciform or veiinicular l)odies 
(Pi. LY. fig. 2) capable of fairly rapid movement and possessing 
great peoetrafcive powers. They measure from 7g to 10 p in 
ieugtln The ends of the sporozoite are rather pointed, the 
extremity tliat moves foremost being slightly more acuminate 
than the posteiior end. The general body cytoplasm is more or 
less homogeneous, exhil)iting but very fine granulations. The 
nucleus has a. definite rounded or oval contour. The chromatin is 
evenly distributed throughout the nucleus. 

Wlien the spoixi/nites are lib^^^^ from the investing sporocyst 
( PI. LVlIl, figs. 74-76), by the action of the pancreatic juice of the 
grouse, they are capable of active movement. The usual method 
of progressiou resembles ti\a,t of tlie sporozoite or motile tropho- 
zoite of a Grega.riue. The organism moves forwai’ds with a slow 
gliding movement, the forward progression being facilitated by 
tlie secretion of a viscid proteid substance that ra.pidly liardens. 
On the smooth Ksurface thus provided the coccidian sporozoite 
glides forward. The track of the sporozoite, as sliown by its trail, 
can lie stained, and the organism then shows the gelatinous or 
proteid material is.suing from near the posterior region of its 
body (PI. LV. fig. 2). During the gliding movement waves 
travel do wn the body of the sporozoite, recalling wdiat is seen on 
a, larger scale in tlie billowy undulations of the foot of a snail. 
On other occasions a more rapid movement of tlie sporozoite 
occursd Tlie two ends of the organism become approximated and 
then rapidly straiglitened, the eSect being to propel the organisni 
forwaiMis much more quickly than when the gliding movement 
alone is used. 

The sporozoite thus makes its way to an epithelial cell of the 
(luodeiuim and proceeds to penetrate the cell. As it forces its 
way inwards (PI, LV. figs. 3, 4), so the sporozoite curves on itself 
(tig. 7) and becomes rouiid and immobile (ligs. 5, 6, 8). The 
youiig, rounded parasite (figs. 8 “10) is now in the trophic phase 
of existence and continues to grow for some time, feeding passively 
on the’ foocbnmterials^ o the host-cell. During this period the 
'parasite, is called at ti*ophozoite (figs. 8™l'2a). 

The niicleus of the tiephozo approximately central in 

position, or sometimes to one side, and at first contains scattered 
granules of clii-omatin. It then becomes somewhat vesiculaF 
(tigs. 8 -11), and gradually the chromatin collects into a central 
karyosonie, lying within the nuclear sap (fig. 12«), The position 
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of tlie karyosoiDe, liovvever, is not ceiitt'alls" iixed ; it rosy lie to 
Diio side of the nueleos (tig's. 8, 1.0). 

The growth of the tAX){,)hozoit'e na(vi!i\sJl}MifiVHds thrvt oi liojst. ■ 
eell. Ihie proto[ila.s,i.B of tlie latt/er hr^'ornes more ixml .mov'i' 
teuiioiis, .Irypertj'ophy of the host-(?ell ot,'ei:!.n'l,i!g. 

<*oi,Hiition is maintained for some time and limdly a limit is 
reacihed atrophy sets in, the imelens of t,!ie !.iost-(‘(;,tl then 
a|)pea.ring as a sn.ia]], o,i'ten ereseentic mass (tigs. 10. M) to om* 
side of tlie film (iig. 12) tha,t repixssents tlie host-a'elL ,A (d(‘ar 
8|)a,c‘.e often intervenes between tlie pa.rasite a,nd t,lie envrTip.ing 
epithelial film 

Tlie trcrjihozoite, having attained its full size (some lOp to !2/f 
in diameter) ^vithin tlie liost-oell, proce(‘ds to divide, and tii(‘ 
resrdt of its division is to increase the mimher of pnrasii-es witliin 
the liost. This stage i.n the existence oi Ewier la avhvni- is known 
as tlie seiiizont (agamont), and the method of iniilti|)lieiition is 
termed schizogony. 


{})) Schizogony. 

The schizont (fig, 12) is a more or less spliericid parasitia At 
first it is iiniuucleate (fig, 12^), but soon its iincletis lagins to 
fragment (fig. 127?). Tlie division of the miclens of i.he scliizonii 
is of the nature of multiple fragmentat.ion i‘ather tlian of a series 
of binary fissions of the nucleus and karyosome (figs. Ifi 18), 
The ■ panasite ' is very small and it is not easy to i'ollo'w tlie 
cytological details, even under the best a,nd Ingliest powers of 
magnification. Some of the portions of cliroiiiaiin in midti|fii^ 
fragnientation may sometimes appear connected by thin stra-nds 
(fig. 13) for a sliort period, but tlie fragments soon travel to 
the peripliery of the schizont. Tlie small daughter masses of 
t^lu'omatin, at first hoinogeneous, gradua lly si lou' i lillei‘(‘iitiation, 
liecoming minutely vesicular with a. <lot of cliroiiiatiu usually i-o 

one side (figs, 14 16), but occasionally central. 4dius tlie luielei 

(,)f the future irmrozoites are fo.rining tlieii* k ary nso.i .lies (■‘ai‘l}u 

The daughte.r nuclei' having .mig'rated to tlie |,ieri].>liei;‘y of tla.^ 
motlicr cell (fig. 16), the cytoplasm of the schiztitit ('(>fi(*»i(iira<.es 
around tlimn forming small ovoid masses {figs. 18, Ifi). djTe 
da,uglder forms so produced are tlie meroziiites (rigviiiiiditx which 
measirnz (hi to lOy in length. They gradriallya(;<{uir(‘a vc^riuiforiii 
shape, and arin/uge' th'e.n.i selves around tlie remains of fclie pro,to'-' 
,]:fia.,siv'rof tlie.n'iotherTiell .lik tlio. segments of an orange rir. the 
staves of a barred (PI. LY, figs. 20 - 22 , Ifi. tigs, 23, 24); 

Ovung to this metliod of grouping, the meroziiites a. re. said to he 
a.rra,nged “ en havillet,^’ The groups, when ripe, soon bi’cMk up 
a, ml tlie individual nmrozoites are liberated, Tlie Jiiovtmicnts ef 
the inerozoites, wdien free, x-esemhle those of tlie s|)orczoit-es. 

ifiie. number of nierozoites iormed from a single sithizout sciaus 
to vary. Eight to foiu'ttisen seem to be common numbers, Imt us 
nia.ny as tvv cm ty haA'B been found. 

T1h‘. nierozoites finally are slightly curved viTmicules (PI. LV L 
figs, 23, 24), {sossesaing a-nueleuS: which may ho approx i!mil;ely 
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central (PL LV. figs. 20, 21) op' soiiiewLat tou'ards one eiic! 
(PL LV . jig. 22, P.L LV'L fig. 2;j). The nucleus of the iiierozoite 
is siiiall, Mild tli<i pi;eseiK*e of a, karyosome is often not ‘very 
evident, tlioiigli tliere is a small granule of ehroinatiii — repre- 
senting tl'ie karyosome — visually to one side of tlie nucleus 
(fig. 24). 'The ends of the merozoites are rather less pointed 
than tliose ot tlie sporozoites, a feature that if. (vciiinb lias in 
eoiinnon witli if, schnhergi as described by Scbaudinn. 

Wlien tlie nierozoites rea,ch a new liost-cell, tliey enter, become 
i;ouiid, and proceed to grow as trophozoites in the same way as did 
tlieii’ parent organism, and luniergo later nuclear fragmentation 
in a similar inanner. As the result of this, many more merozoites 
ai’e [>roduced, a.nd as seliizogony may lie eontiniied thitiugli 
sevenil generations, tlie destruction of the gut epitlieliorn is v'ery 
extensive (PL LY. fig. 1). 

Towards tiie end of schizogony- — especially in tlie camum-— 
ridalively smaller sehizonts with larger and fewer merozoites 
(fig. 25), about five in nui:n1}er on the average, are produced. 
These larger merozoites appear to be formed near the end of 
iiifei‘tion, in company with large numbers of gametocytes, so far 
as evidence is available. 

Tliese difFerences in the sehizonts might be taken by some 
investigators to be indicative of difference of species— in other 
worils, that more than one species of Ooccidiuni may occur in the 
gut of grouse. I do not shite tliat this is not so, but personally 
])refer the view that the difierenees in the scliizonts and 
merozoites noted are reflexes of the condition of iiiitriment of 
the parasite. VYenyon (1907) has some interesting observations 
on the va.riations in the schizogony of E. falciformm in the 
mouse, and states tlia.t the variations are due to the noiirisliment 
availalile for the parasite. Again, the species found in tlie liver 
and gut of the vhhhit {Coccklmm orv/bme and LL are 

no w usually united into one species, Ehmria stwilce. 

The meimoites origiiially produced in the duodenam pass lower 
down th <3 gut and reach the cieca. At the ileo-cvBcal j unction, 
the" epithelium is attacked again, '.and' the ;inerozoites rapidly grow 
to scinzonts which produce new generations of merozoites, so 
that the cffica soon contain very large numbers of the parasites. 

ih'obably coccicliosis set up in the duodenal wall is sufficient to 
kill very young chicks, 6. g. chicks 8 to 10 days old, while older 
cliicjks i'lying ,at the age of about. 4. to- 6 weeks may liave partially 
.rnccweredffroin.viuodenai coccidiosis, . but- succumb tev coccidiosis 
in the c^ecnm (typhlifcie coccidiosis). In cases of intense duodenal 
coccidiosis, merozoites,, are ,f ouncl - fre.e ■ in ftlie., intestinal .'contents'' 
and' eveav in freshly' sbefl'fjBces. ■ ■ . 

Sooneiv or lateiv a is reached, both to the powder of the 
ginuse (hick to provide noxirishment. for the parasite, and to 
the multiplicative capacity of the parasite itself. In other words, 
the host begins to react on the parasite. Consequent on the 
now unfa,vourable environment, the parasite proceeds to form 
gametes, in older that its species may be perpetuated. The 
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gfUTietoeytes or mother cells of the gametes (Ph .liV.L ilgs. 

PL LVlLfig. 37) are modified schizonts 'wliich, n,rc* slow gn^wtli, 
n;ij,d therefore can accumulate more reserve food-ina/tiodal in iLe 
form of granules within thieir cytoplasm. The piuc'esses leading 
to the foimrition of the gametes may be termed gjimct:.ogoii\ , 
which we may now consider. 

(c) Gmmto(j()ny, 

Sexual <H;fferentiation is charaeteristie of tiie ^ gimetc's ^ of 
Cloccidia, and in the case of Ehnerid avimn tiie (liihvre!:it.ia.ti{Hi 
is apparent in the gametocyte phase. Two foiMUS of griuietocyt^trs 
c.a,ii be distinguished. The first group «a.re int.ra-cellular parasiirs 
containing large graiiules of food reserve witliin tlieir (‘ytiO|)lasm. 
These ai*e tlie niacroganietoeytes (PI. LV.L fig, 2()) ^vhi(,^!l gi\’cwriMe 
eacli to one female gamete. On tlie otlier ha, ml, the ndciaa- 
gametocjtes (PL LVII. fig. 37) or male pi’ogenil.ors con lain a 
little r€>serve food-material in tlie form of very minute gianuhrs, 
distril)iited evenly throaghout the body substance. Jilach iuicrt> 
gametocyte gives rise to many microgametes. 

The Macrogcmietocyte ami Mxwroga'meMh 

Tlie striietiire of the inacroganietocyte and of the single niacm- 
gamete that arises from it is very difiiciilt of :iiit(n‘pretiitioii 
in Eim.emla avimn^ on account of the large amount of resi^rvc? food • 
material contained' within tlie cytoplasm. Purtlier, it^ls, vmy 
ilifiicuit to draw the exact dividing line l>etwe(‘n the iimcro- 
gametocyte and, the. female gamete, as tlie. one g.iwiually imrrgeS', 
into the other. These foiiiis vary fiom l]'8/i"’-17'r>p in icngfli, by 
Qfi-l'lfi in l)readth, a,,s .Kseen'in sections.- M,a,ny ,reln,iiv(;,‘ly huge 
gTauiiles occur in tlie cytoplasm of the inacroganietiH'yte. As tln^ 
macrogametocyte, grows from roimd to -ovoid, thcst? gra.uules 
gra-dimlly concenti'ate to. .form . .la.-i‘ger, roundi.Hh, Immuxtoxyliu- 
-staining granules, .which,! .-arch alb iunin.oi(l (PI,- .lA*' .f,ig, 2b), -{..Ivr 
elu <)ina,toi(l granules of many aidvhors. Tlmro a, re also (fidier, mm - 
basK* slauiing, graai'ules hnown as plastinold grannies (‘^gnuuiles 
plastnpies of Thelolnui and Lahbe) composed of ivnumlin 
(Lahbe), , These ultimately 'are large: and round (lignv 3{)-32) 
and are refractile, in .fresli. preparations, wheri^ tho}^ appear yolhav 
-or greyisli-green. /They, tend to .shrink, in prcpa, rations fixed wills 
sublimate or siddimate acetic (fig. 29), Tlie plasiinoid gr;t miles 
(KiCtir between and ainong the diroinatoid granules (iigs, :oj). 
In stained - preparations ^■'diie'-gra.ruile^^ are best seen l)y si,airiing 
with' iron-lueoiatoxylin follo;wed .by - van (licsoids picj*o»-fu,tdisiig- 
when the chrornatoiil gran ulexs appear hk(h< is h, whiio tin* plas< 
vtinoid; granules take on a imiform, yellowish luie, .Tiio plastHm:,)id, 

* The reactions -of the -granules -are-' discussed hv habhi^ (1806'| ancl-hy "M'iiicliin 
'( 1 : 90 - 3 ),, ' - - - 
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g'i‘iiiuiles sb.nin with LichtgriiU' in marked contrast with the red of 
safraiiiii taken up by the chromatoid grannies. Witli Delafield’s 
haunutoxylin, the chromatoid grannies stain intensely (figs. 29^ 
dlj ,-k2), and somewhat misleading appearances resiiltj suggesting 
imiltiplication of the cell. 

A>s the parasite grow.s, the chromatoid and plastinoid granules 
tiavel towjirds the periphery (figs. 29-32). The inacroganietoc}'te 
a,t this .time encysts within the epitheiimn, and the chitinoid 
material of the cyst seems to be formed from the chromatoid 
granules. At any rate, the inner layer of the cyst -wail seems to 
take its origin therefrom (figs. 34-36). The formation of the 
cyst- wail fi*oni the chromatoid granules has been noted by 
Siraond (1897) and Wasielewski (1904) in the case of Coccidimn 
ovi forms [Bmieria stieclm of Stiles). 

The formation of the cyst of Eimeria cwiim. takes place while 
the organism is still wdthin the epithelium (figs. 34, 35), and 
therefore the parasite encysts precociously. The maci’ogamete at 
tins stage is ovoid, and the number of chromatoid granules 
within it is reduced. The cyst formed is ultimately rather thick- 
walled, but a small aperture or micropyle, which may be in a 
slight depression, is left for the entry of the microgamete 
(FLLTIlVfig. 47).., 

When Schaudiim investigated the life cycle of E, Bchuhergi^ he 
described a process of maturation of the macrogametocyte, 
whereby the karyosome of the nucleus was expelled in fragments. 
I regret that 1 am not at all sure as to the fate of the karyosome 
of the macrogain etocyte of Several causes combine to 

defeat the attempts made to elucidate this subject. In the first 
place, the entire parasite {E. avium) is much sinaller than 
IL scJi-uhergi and its karyosome is not nearly so well clifFerentiated 
a structure. Further, the presence of the cliroinatoid granules, 
which stain deeply with basic stains, much confuses the structure. 
Similar caiise>s |)revail in E, owiforme (E . stiedm), as I can vouch 
from personal observation, and Wasielew.ski (1904, p. 54) 
states tliat he is unable to follow the maturation process m 
/<J, on/orme, 

.It may he tluiii Ed ammi is like seme other Ooccidia (e. g. 
f!, Op pr opr iw'mf A delea ovata) where the karyosome is 

r(‘taiued in the gamete and is left behind in the residual proto- 
])ljvsm of the oiicyst. . On'. a' few ■■■occa.sions, I have observed__a 
small, cln*omatin-like granule in the oocyst residuum (PI. LVII. 
fig. 57), and this body may be the karyosome of the macrov 
gametocyte. E,. avium is distinguished by having a very small 
cystal residuum, which, together with the smallness of the karyo- 
some, and indeed of the whole parasite, increases the difficulty 
of investigation. .However, at the time of fertilisation, tlie 
distinctness of the kfiryosome of the macrogamete has disappeared 
(Ph liYl. figs. 29-36), and the nucleus of the niacrogameto appears 
to contain granules of chromatin which are rather indistinct. 
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The Mlcrogametocyte and Jlicroganieles, 

The iiiicroguiiietoeyte (PI. LVII. lig. 37) is au ovoid iudi aJjotif'- 
13 ji long and 8 /i, broad in the specimens that I havo^ seen, -it 
possesses a oeiitral 3 :nKrleiLS containiBg a .kaiyosoine, I'lie |)n')i’ess 

of the foriiiatioii of tise mierogainetes of E. ctviura is as follows : 

The chroiiiatiii of tlie niicleiis, largely concenti'iited in tin- 
karyosome, bi-eaks up (figs. 38"”4t)) into minute gi*a.nules or 
cliroinidia wiiicii pass towards the siirfa.ce of the cell, 
appear* to form a ve-'n/ fine chromidial network (fig. 38).^ llie 
ciiroiiiidia then collect into groups or piitches, aiTanged ^in tlie 
form of inimite, iiTegular loops with central hollows (figs. 38, 39). 
These elironuxtic loops form a nurnber of minnte, flexible, i*od-like 
liodies, composed tilmost entirely of chromatvin (figs. 41-40). 
These iire the young miei'oganietes (figs. 43"-4()), The adult 
liiicrogametesare siiiaii parasites, their eliromatie bodies measuring 
3 p to 4/x in length, possessing a roddike, somewhat curved body 
composed of a core of cliromatin ■which is surroiuided by a 
tenuous film of cytoplasm, prolonged outwards to fomi two fine 
fiagella (figs. 44, 46). The fl<agellum wliich I term the posterior 
fiagellum trails behind the organism, and is practically a eon- 
tiniiatioii of its bod}^ ; tlie other fiagellum is at tlie opposite end 
of the body and so is termed the anterior flagellum. In life, tlie 
microgametes are capable of serpentiform movements. Owing 
to the minute size of tlie microgamete (about 3 /i to 4 /a long) 
it is only with the greatest difficulty that the Ihrgella can be 
discerned,' 

The wv hole of the microganietocyte is not used in tlie for- 
mation of the inieroga metes. When separation of the micro- 
ga, metes from tlieiiMnotlier cell occurs, a, large ainoiinti of the 
liody-substance of the latter remains as a son.iewhat faint staii:iiiig 
residuum, in which the pale staining remains of tlm kaiyosiirue 
(tig. 43, cf. fig, 38) can sometimes he distinguished, Tlie rtvsiiluum 
takes no further part in the vital a.ctivities of tlie pa-rasite. ■ 

The iiiici-ogaraetes are set free into the lumen of the gut and 
proceed' to seek out the maeroganietes. 

(d) FeHilisation* 

When the macrogamete has attained its maximum developnumt, 
it often lies' in the epithelium, 'li ear the ■■(inter edge ■of ■■ ■tlie tissue, 
or may even burst tln-ongli the attenuate ■wall of the host ceU 
and so reach the margin of the lumen of the gut. Tlie minute 
but acti\'e microgametes (PI. LTII'.fig.46) niearnvliiie.Iiave briikeii 
away from the residxial protoplasm of the host-cell, a iicl swum out 
with, rapid ]a^hillg movements of their flagella into the gut. 
Here they are-a^tte-cted, possibly 'by 'some ■chemi'otactic substance, 

^ Uiiiniu-le'ale inicrogainetocytes seemed mre in pvepavatkamj for the cell rapuily 
fawcmis to forisi uuuiy micr(>g:tmietes. 
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OeAhtenary of PMltp Hmry Go.sse, F.R.8, 

Born April 6, 1810 ; died Aug, 23, 1888. 

The Secreta-ry exliibited the set of the %\x)rks' of Pliilip Ileniy 
Gosse ill the Society’s Libra, ry and gave a brief smiimary of Iiis 
contributions to science, upon which he placed a vei’v liigh value. 
The Chairman and Prof. A., Sedgwick, F.ii.S., added their testi- 
mony to his place in Zoological history; Dr. Henry Woodward, 
P.R.S., gave some pei*,sonal reminiscences; and Mr. Edmund Gosse, 
Librarian of the House of Lords, the son and biographer of Gosse, 
thanked the Society for their notice of his father’s centenary. 


The following papei'S were read : — 

1, hJotes OH the Photopliores of Decapod Crustacea. 

By Stanley Kemp, B.A.*' 

[Received March 1, 1910.] 

(Plates LII.-LIY.t) 

Two different methods of producing light are known among 
Crustacea. In the vast majority of species possessing tliis power 
the organ is of a glandular nature, excreting drops of oily fluid 
which become luminous on reaching the water. The process is 
probably one of oxidation, though from the results of Giesbrecht s 
experiments t it would seem that very small quantities of free 
oxygen will suffice. 

Certain Decapods, such as Polpcheles phosjAiorm^ appear to pro- 
duce light in this wmy, while in others, such as Arist&m cortmans 
and Jleterocarp'us alpkoiisf tlie excietions fi*oin the antennal 
glands have been noticed to be brilliantly phosphorescent §, 
Both these phenomena seem to be exceedingly rare among 
•Decapods. 

The second method of producing light, and it is only with this 
type that the present paper is cancerned, is by means of photo- 
ph ores, compound luminous organs which do not excrete a fluid ; 
they are. in most ca,ses ’ provided with -a lens, and' sornetiines; also 
wifch a i*eflector. Yery little is known of the chemical processes 
which are involved in this type of phosphorescence. The essential 
feature, as in the case of the glandular orgaiis, is doubtless one 
of oxidation, and it is pi’obable, as Alcock has suggested, that the 
oxygen is conveyed to the photophoie by means of tlie blood. 

Among Crustacea, photophores are known only in the Euphau- 
siacea and in the Decapoda. In’ the former group they are very 
highly specialised and occur in practically all the species known. 

Communicated by Dr. W. T. CALaaCAjr, F.Z.S. 
f Foi" explanation of tbe Plates see p. 660. 

X (xiewbreclit, Mitth. Zool.-Stat. Neapel, ii. 1896, p. 648. ' , , 

§ See Alcock, ‘ A Natitralist in Xadiap Sesis*’ 1902, pp. 184 & 185. 

:'V:' t A:;:;: 
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Their true fniiction was first deinoiistrated by Sars a.iid their 
structure is now well known owing to the work of Chun f and of 
Vail en till and Cnnninghain J. 

Photophores occur only in three genera of Decapoda, all of 
whicli belong to the Macrura, or, according to modei-n systems of 
classification, to the ilatnntia. One of them, Sergestes^ belongs 
to the Penseidea, and the other two, Acantheqjliyra and IJoflo-- 
‘pliOTUB^ to the Garidea, Although, as miglit he expected, two 
wholly ditFerent types of structure are found in these two groups, 
they have none the less one very striking feature in comnion — in 
botii a deep blue pigment is associated with the luminous organ, 
This pigmentation is one of the most interesting characteristics 
of the photopliores of Decapoda, for, except for the fact that it 
1ms once been observed in a Euphansian, such an association 
appears to be elsewhere unknown . 

The following six species of Decapods possess photophores 

PEX.EIDEA. 

Sergesticlce. Sergestes cludlengein Hansen. 

Sergestes glot'iomts Stebbing. 

Oabidea. 

HoplophDi*i<he ... Acantliephyra ■peUucida Peri’ier. 

Acanthephyra debilds A, Milne-Edwards, 
Hoplophorus grim cddn^^ Coutik'e. 
Hoplophorus ]\\Y, 

Two other genQi% Gemuidas and Amalo^mmus^ belonging to 
the family PeiiJeidi.e, may also possess photoplioi'es, but it has not 
as yet been possible to come to any defiihte conclusion on the 
subject. . 

The material wliich I have been able to examine consists of 
one species of each of the three genera mentioned above. I am 
indebted to Prof. J. Stanley Gardiner for the opportunity of 
examining four specimen>s of SergeMes ckaUmgeri and an immature 
Jloplophorus fimm tlie Indian Ocean. The examples of tliefoi'mer 
genus are preserved in formalin and have in eonseciuence retained 
some a, t least of theii* oiiginal pigmentation. Acanthephyra dch'dis 
occurs ill all stages off tlie W est coast of Ireland . lids spec‘i < ‘s is 
unfortunately far from common, and although S|)ecial efforis lui.i-e 
been made, no fresh material has been found during the last 
' eighteen months. ' In ' consec|uence, it has not been, possible' to 
solve certain' pmoblemS" .connected -with . 'the pigmenta,tion ami i'li- 
nervation pf the photophoi’es. ■ 

: ; Deep-^'sea B'ecapjods -are almost, invariably^ dead when 'brought 
to ' the /surface, ahcl ', although . in ■ view.''''.of recent ', investigations it 
does not ,seem probable that the rttality of the organism has 

^ Snrs, Beport on die ‘ Challenger ■ Schixopoda, 1885 p. 70. 

t Chuii, Bibliotheca 5jOologioa, B<lv vii, (Boft 19), 180U, p. 191. 

% Vallentin k Ciminng-ham, Q, J, Micr. Sci. xxviii. 1888, p. 319, 



r9io.] 


pnoToPnoREs of okcapoo Crustacea. 


641 


aii}^ direct efl'ect on the production. o.f light, it is none the less tlie 
€*ase that phospliorescence has actually been observed only i,ii a 
single species, ^Sergestm ckallengerL Prof. CJa.rdiner informs me 
tlm.t the examples of this form which he obtained in the Indian 
Ocean were briiliaiitly phosphorescent on the occasion of their 
cfiptirre. In the other species the function of the organs has 
been deduced from their structure only. 

The Photophores of Seugestes. 

The onl^r two species of Sei'gestes whicdi are known to possess 
pliotophores ai“e S. cludhngeri, whicdi was described by Hansen ^ 
from a single specimen ol)taine<l by tlie ^ Challenger ’ Expedition 
near the Fiji Islands, and a. closety allied form, S. gloriosiis 
Btebbing t, which was found in South African waters. Hansen 
discovered 117 pliotophores in his mutilated example of yS. chal- 
kmgei'i^ and evstinmted that at least 150 would be found in a 
perfect specimen. According to Stebbiiig’s account an even 
greater number exist in A. gloriosits. 

It is not necessary to describe the distribution of the photo- 
ph ores in detail. They occur on the lower side>s of the eyestalks, 
antennules and antennal scalevS, on the oi'al appendages, on the 
thora-cic and abdominal sterna, on the ventral surface of the outer 
iiropods, and on many of the leg joints. All are so situated that 
the light which they produce is thrown direeth^ or obliquely 
downwards. In both the species photophorevS have been described 
on the lateral face of the carapace. These, liowevei’, at any rate 
in iS. chaUengeri, are not external, but are placed in the roof of 
the branchial chamber and illuminate the gills from above 
(Pl. LIT. fig. 4). To find pliotophores in such a position as 
this is most astonishing, and it is not easy to suggest any theory 
which will account for their curious situation. 

The pliotophores are all practically identical in structure and 
all are quite immovable, though a few are supported on very 
short, thick stalksS in order to make them bear more directly 
downwards. They vary consirlerably in siise, but even the lai’gest 
are much smaller than the organs on the pleojiods of Acmith” 
dehilds. In a single individual the diameter of the lens 
was found to range from *06 to T 4 mm. 

The, structure of the organs is illustrated In PI. fMlI. figs. 2-“4', 
and .iii'PL'LIT. figs.' 2,, 3,;-& 5. , 

'Externally there iS' a double convex lens.' ..This 'is • made' up ;of,' 
two distinct portions, which are formed from the two layers com- 
posing the cuticle. The outer part is double convex, while the 
inner, which is closely applied to it, is concavo-convex. In sections 
treated with picro-carmine the inner lens often stains to a, rather 
deeper red tone than the outer, but the complete absence of any 
yelldw colour indicates that the cuticle of which both are formed 

* P. Z. S. 1903, j>. 73.- 
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is not more strongly ciiitinised tlian tlie rest of the exoskeleton. 
Both poi’tioiis a.re quite transparent in material presei'ved in weal< 
formalin. A very delicate investing membrane possibly ocerii'S 
oil the outer side of the lens, but its presence could not be demon- 
strated clearly in any of the sections obtained. 

Situated immediately behind the lens and exceeding it in 
diameter is tlie first cellular layer. This is composed of a number 
of large wedge-shaped cells which appear to be dei’ived from the 
epithelium ; fi-oin eight to ten are seen in a median section of 
the organ. Tliey ai-e all full of protoplasm and their nuclei 
invai'iahly lie close up a.gainst the lens. In inatei*ial pi‘eserved in 
formalin this layer is seen to be iirqmegnated with a deep blue 
pigment. 

The second cellular layer is extremely inconspicuous ; it consists 
merely of a few fiattened nuclei round the outside of the first 
layer. 

The third layer Hansen very reasonably considers to l)e a 
I’eflector* In material preserved in formalin it is of a distinctly 
yellow colour ; it is faintly striated and contains numerous pear- 
sliaped nuclei which are veiy regularly arranged with their narrow 
apices directed towards the lens. 

The fourtii and last layer consists of a numl)er of ii'i'egularly 
disposed cells round the back of the reflector. It is possible that 
in life these cairied a pigment, but in the preserved specimens 
no trace of this remains. 

In some instances a nerve-strand communicating with the 
photophore was detected, but the exact mode of its entrance could 
not be discovei'ed. It is not improbable that it runs round the 
edges of the reflector and then turns inwards to supply the first 
eeliiilar layer, in much the same way a.s has been demonstrated 
by Chiin in the photophores of Euphausians. 

One of tlie two organs placed on the underside of the eyestalk 
is situated in closest proximity to the cornea. In tliis case 
(PI. LIV, fig. 2) the photophore is slightly twisted and is 
directed fomvards and downwards. It is sliut off from the cornea, 
By a layer of black pigment, and its nerve-supply is. not drawn 
from any of the optic ganglia, Init from a septirate strand whieii 
niBs up the infeiuoimnargm of the 

It will, be noticed from PL ' LI 11. figs. 2, 3, that the,le,iis 
may. differ ^considerably in convexity, and- in one; ease ,(fig. 4) 
it is plano-convex. This photophore is placed at the base of tlie 
exopod of the first maxillipede and is directed forwards ; as 
Ifa,nse,n, mentions,' it is pai'tially, though- not entirely, oveidriirig By' 
the '.surrounding tiss-ues. ■ , , 

In neither of the two species is anything knowm of the develop- 
ment. The photophores, however, differ slightly in numher in 
the examples which I ha-ve examined, and it is proBaBk^ that, as 
in the ease of Accmthephyrd continue to increase as 

the s])eeiinen gains in size. Additional organs secni io a}q)ear 
long after the indivhlual has attained 
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A comparison of tlie foregoing description with the accoiiiit 
and figures which Hansen gives of the structure of these organs 
reveals many discrepancies. ■ There can >)e little doubt that this 
is •due to the fact that Hansen viewed the organs only in optical 
section, a method which, even in his hands, has not yielded 
satisfantory results. 


The Photo phores of AcAXTHEPHvnA. 

Two species of AcantheiAht/m are known to possess photophores. 
They are first mentioned Iw Perrier in 1886^- m a form which he 
c.illed Acanthephifra pellmida A. Milne-Edwmrds.” There is 
unfortunately a good deal of luieertainty regai’ding the validity 
of this species, for it has not been rediscovered in recent years 
and Milne-Edwai'ds seems to have never published any descrip- 
tion. Our knowledge of it is, in consequence, derived solely from 
the brief reference in Perrier’s work, and the accuracy of tiie 
account of the distiibution of the photophores, which is there 
given, is by no means certain t. 

Ac(mthe2)hyra dehilis is better known. Ooiiticue in 1905 X 
first described the existence of photophores in this species, and in 
1906 § he published a more complete account of their number 
and distribution. 

The photophores in A. dehilis are not all of similar structure, 
as they are in the case of Sergestes^ but exist in different degrees 
of complexity in different piu'ts of the animal. 

The most highly developed organs are twelve in number, and, 
each is so placed that the light which it produces is thrown 
directly downwards. One is situated on the distal and external 
aspect of the protopodite of each pleopod, and one behind the 
protopodite of each uropod. The structino of these photophores 
is illustrated in PL LII. fig. 1 and PL LIY- fig. L 

Externally there is a thick concavo-convex 1| lens formed from; 
the cuticle. In adult specimens this measures about '24 mm. in 
diameter, and during life is of a deep violet-blue colmu'. Tiie 
pigment does not exist a,s a mere coating, but permeates through- 
out the structure of the lens. Sections stained with pici-o- 
carmine show that the lens is made up of three distinct ktyeis. 
The inner and outer portions are merely thickenings of the two 
ciitieular layers "which form the normal exoskelefon of Crustacea, 
and under a high power show the usual striations. The middle 
layer, which is also striated, always stains more deeply Avith carmine 
than the others, and, owing to the fact that it sometimes takes 

Pemen 'hes explorations soiis-marines,' 1886.^; ,, ■ ■ 

t A compamtive view of the positions^ occupied by the photophores; in A, peP 
lucida and inTdt. dehilis will be found ia Kemp, Fisheries, Ireland, Sci. Invest,, 18 u 8 , 
i.:ri9l0'], p. 67j where Perrier s original description is reprinted. 

£ CoutiM’e, Bull. Mus. Oceanog. Monaco, no, 48, 1905, p. 7, 

§ Coutifere, Bull, Mus. Oceanog. Monaco, no. 70, 1908, p. 4. 

In a few of the sections obtained the lens is plano-convex, but thio I believe to 
he due to distortion. . , 
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lip a certain ainoiiiit of yellow colour (due to tlie picric acid in 
the stain), it seems probable that it is formed of a more stroii^iy 
chitiiiised material. The cuticle is thrown in folds on either si.de 
of the lens. It is possible that by this structure a limited amount 
of movement is permitted to the photophore, but no trace ot it 
controlling muscular apparatus could be found. 

Inside the lens there is a series of very large elongate cells 
which radiate from a well-defined centre to its inner surface. 
They measure from *08 to TO mm. in length ; twenty are usually 
visible in a median longitudinal section, consequently at least 
three Inindred must occur in the whole organ, Tiie proximal 
portions of these cells appear to be wlioliy devoid of protoplasmal 
contents. The nuclei are very regular in shape jmd, as in the 
first cellular layer of iSergesies, lie close uj) against the lens. Tlie 
outer end of each is evenly I'oiinded, and a band of cytoplasm 
may sometimes Be seen between it and the lens ; the inner end is 
squarely truncate. The nuclei differ curiously in size, for in all 
the sections obtained the length is proportional to the distance 
from the centi-e of the lens. This results, in effect, in tlie forma- 
tion of an additional lens, concavo-convex and built entirely of 
xiuclei; which is placed immediately behind that formed from the 
cuticuiar layer. There can be little doubt that such a, provision 
a.s this must have a marked effect on the optical qualities of the 
apparatus. 

The central part of the organ is occupied by a number of 
minute highly refractive granules which are massed togetlier in 
a conical shape round the extremity of the neivediniidle. These 
granules are quite colourless in every section obtained ; carmine, 
picric acid, and luBiiiatoxylin are all equally ineffectual in staining 
them. The nerve-strand leads straight down the pleopocl to the 
photophore, and, as may be seen from the figures, it expands into 
a number of ramifying filaments before it conveiges to the 
'granular cone. 

Numerous cells with large nuclei are irregularly disposed round 
the inside of tlie photophore. It is possible that tliese were 
I'ugmented rvhen the animal, wa.s living, and served as a screen to 
prevent light penetrating inwards, but ' no ' con(irma,ti,on oi this 
,'was obtained, 

: In a freslily cjiught specimen. of Acaiithephyra deMds a. dark 
..'violet-blue streak is, easily seen on . each. '.side' of the inner wall , of 
the carapace immediately behind the last pair of thoracic legs, 
...From the structure which t'hese . organs possess it is evident, that 
they 'also '.are pliotophores, although they are', much less' highly 
specialised than those at the base of the pleopods. 

' , , In a transverse section ."■(?}. "LII. fig,.2)Th6 lens, which is dark 
'blue 'in '.fresh material, Js seen-, to ''be' merely a; slight thickening 
of, the .cuticle, , and the,: densely'''staining,. central, ■ layer is e,ntirely' 
absent. The epithelial cells are greatly elongated, as in the 

There can he no doubt that thTpseihodies. are: nuclei for bv the use of haimatoxvlin 
'rhromosunies were demonstrated, ia thein.. . ■ ' * ■ - ■ "• . ' : * '.-i. • 
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pl'iotophores on the pleopods, ]3ut their a-rrangeraent is not so 
regular, and though the majority of the nuclei are placed near 
the lens this is by no means the case witli all. The cells show a 
teiideiitpy to converge towards a point, but no granules similar to 
those in the other photophores were detected. In some sections 
a nerve-strand may be seen leading away from the organ and 
passing betAveen two muscle- bands. 

Other spots and streaks of dark blue pigment to the number of 
133 are found in adult examples of A. dehllis. The^;^ occur on 
the eyestalks, on certain legs, on tlie branclnostegites and other 
pau’ts of the carapace, on the abdominal segments and on the 
telson. With the exception of a small number, which occur on 
tlie dorsal aspect of the carapace, abdomen and telson, all are 
situated lateially or ventrally. 

Coutifn-e, Avhile fully realizing that little or no structural 
evidence could be advanced in favour of such a. theoiy, has no 
hesitation in ascribing a luminous function to the cells under- 
lying these pigment-spots. With this view I full^p concur, and, 
as will be seen later on, I able to bring forward another fact 
Avliich supports this interpretation. 

In the only passage in which he remarks on the anatomical 
characters of the organs, Ooutiere says : Les organes lumineux 
de la base des pleopodesparaissent se rapprocher beaucoup deceux 
des Euphausidap tons les autres semblent etre de simples ainas de 
cellules a liimiere, disposees sur une seule assise et recouvertes de 
pigment.” With the latter part of this sentence I am in entire 
{igreement. In numerous sections, made through all the more 
prominent spots of pigment, the underlying cellular layer pi'esents 
no visible difference from that of the adjacent tissue. To this 
there is only one exception : a section cut transversely through 
the telson near the apex (PI. LIII. fig. I) shoAvs that the cells 
beneath tlie dorsal spot of pigment are greatly elongated, though 
their nuclei differ in position fx*om those found in the more 
'elaborate .organs,.. 

The brilliant scarlet-red pigment, Avhieh is such a notable 
characteristic of many deep-sea Decapods, presents features of 
special interest in the mm of Aca7ithep/i'i/ra dehilis^ for it is quite 
uodeveloped in the neighbourhood of the luminous organs. This 
is particularly well shown in the case of the photophores at the 
base of the pleopods. Wiewed laterally, these organs would be 
quite invisible, being wholly covered by the flaps formed by the 
abdominal pleura, were it not tha.t in these parts the red pigment 
is entirely absent, leaving the transparent cuticle through Avliich 
the light emitted by the photophore may shine as through a 
window. The Ixnninous streaks behind the last pair of thoracic 
legs are covered by the branchiostegal wall of the carapace, and 
in these a precisely similar phenomenon may be observed. 

Bed pigment is also absent from the vicinity of all the numerous 

^ Loe. cit 1900 , p, 4 , foetPote. 
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organs wliiclp wlien sectioned, show no definite structure, ^ In a 
freshly caught specimen each appears as a deep l)lue spot circiini- 
scribed by a belt of colourless tissue. Buch a distribution of 
pigment seems to afford considerable support to the view, 
advanced by Ooiitiere, that all the V>lue spots represent luminous 
organs. 

An examination of young specimens of A, debiUs shows tliat, 
as might have been expected, the complex organs ai*e tliose which 
appear* first. The eggs ere veiy large and consequently the young 
are liberated in a i-ather advanced stage. The ea-rliest-known 
larva possesses t^velve Inminous organs, viz., those on the pleopods 
and beliind the fifth pair of legs. A. little later the otlier com- 
pound pliotophores behind the protopodites of the nropods appea,r 
and siiniiltaneoiisly rvitlr them cei-tain of the simple organs. At 
every succeeding moult fresh spots of blue pigment appear, until 
in the largest individual know-rr they have reached the total of 
one liimdred and forty-seven 

The Photophores of IIopLOPHOiirs^ 

Contiere {he, cit, 1905, p. 1) first described these organs in a 
species rvhicli he named ffoplophonts grimeddii. Thanks to the 
kindness of Prof. Gardiner, 1 have been able to examine an example 
of this genus from the Indian Ocean. The specimen is unfortu- 
nately iinmatiire, but, as might have been expected, tlie photo- 
phores rvere not found to differ in any essential feature from, 
those occurring in the closely related form Acanthephy^^h dehUis, 
Although the simpler organs are by no mea,ns so niimei'oiis as in 
that species, all those of a more complex character are present 
and occur in the usual positions on the pleopods and uropods, and 
behind the base of the last pair of legs. 

Ooiitieu'e mentions that in his specimen of Iloplophorus, “con- 
serve dans hr glycerine formolee,” the luminous organs are slightly 
yellowish ; in the example from the Indian Ocean, whicli was 
preserved in spirit, no trace of pigment remains. The photo- 
phores are, however, so completely identical in structiu'e with 
those occurring in Acanthepkyra^ that, notwithstanding tlie fact 
that the blue coloration has never been seen iii. Ilopdophom^^^ 
there can l)e little doubt that such a pigment really exists in 
living specimens.,.: V, ■ , 

Whether the organs occur in all the species or wlietlier, as in 
the case • Sergestes Acanik^phyra^ they, exist only 'i,n a 
limited number, must be left to future investigators. 

' The Pigmentation, OF THE Photophores. 

It has already been mentioned that a deep blue pigment is, in 
life, associated with the photophores of Decapocla, occurring in 

* For the order ia which, these organs arise and their number in specimens of 
different age, Cmitiere, IW, and Kemp, Fisheries, bvlaud, Sci. Invest., 

: ■ 190S, f. [1910b 
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fSergestes in the first cellular layer and in Acantheph/m in the lens 
itself. 

There is reason to believe that this pigment is closely allied to, 
if not identical with, that found in the Lobster. When the 
photophore is placed in absolute alcohol the blue colour soon 
becomes bright red, and the same reaction insta.nta,neonsly appeal's 
when it is boiled in a drop of water. If the lens of Acanthe-phyra 
be dissected out and treated with strong sulphuiic or nitric acid 
the colour at once changes to red, and immediately afterwards 
turns to a dull greenish blue of a much less distinct colour than 
tliat originally present. The greenish-blue tone appears to fade 
away a, little iatei*. but the concluding stages of the reaction are 
somewhat obscured owing to the burning of the tissue by the 
ax*id. 

The red pigment which gives the familiar colouring to Afephrops 
and to the lobster, when boiled, is known to be one of the lipo- 
(diromes or fatty pigments, called by Moseley criiMaceoriihin^ 
associated witli a small quantity of yellow pigment, known as 
kfipaiochrorney wdiich appears to be derived from the liver. The 
investigations of Krukenberg and of Miss Newbigin t seem to 
show that the unstable bine-black pigment or lipochromogeAi which 
occurs in tiie lobster is a. compound of the red lipoehrome with a 
complex organic base. The blue colour is tuimed red by any 
reagent 'vvliich alters the form of the proteid, and the red pigment, 
extracted and dried, gives with strong acids a brilliant but 
evanescent blue reaction. 

The photophores are iiiifortuna-tely so minute that it is not 
possible to ex tract a solution of the pigment ; but the reaction 
mentioned above, wbicli Avas obtained by the addition of acid to 
the lens of Acanthephyra, furnishes fairly satisfactory evidence of 
the nature of the pigment The acid breaks up the proteid and 
at once converts the blue lipochrom^ogen into the red lipoehrome, 
and this is immediately followed by the characteristic blue re- 
action which this pigment gives in the presence of an acid. The 
tissues burn and become brown under the infiuence of the reagent, 
and the iu|)id evanescence of the blue tint, which is characteristic 
in the case of dry extracted pigment, is in consequence somewhat 
masked. 

It has not been possible, to test the blue pigment in the photo- 
phores of Bergestes as fully as has been done in the case of 

^ Krulcenberg, Vergleicli. Pbysiol, SttKlien, Ilte Keibe, 3te AhteiL, 1882, 
ppm)2~iG7.'y " ... 

f Newbiein, Woimial of Pbyaiolo^ry/ vol. xxi. 1897, p. 237. 

t/Lie following observations on tlie rod 'colonring-matter of Acanihepln/ra may 
be inentioned here. An ether extract of the pigment gave a bright .yellow sohiHon, 
which oiv ovaporation yielded an oily red extract. On the addition of strong nitric 
acid a bright, bnt vapidly evanescent, bine reaction was obtained wlhcli was followed 
by the separation of the red matter from the oily yellow pigment, the latter tinaiijig 
a ’dull green. Tliis result is iwactically identical with that obtained by Miss New- 
bigin with the extracted pigments of ISfephrops, The red colouring which turns 
blue under the indueuce of the acid is the hpochrome, crustaceoruhin-^ while the 
oily yellow pigment hrpntoehrome. 
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Amntl'mplu/ru^ Init from the fa.ct that it turns red when l>oiled or 
when tx'*eated with strong acids it is veiy probable tliat it is of 
the same natiu’e. 

The existence of blue coloration in deep-sea aniiimls is ex- 
ceedingly rarej and its occurrence among Decripoda- in close 
association with the photophores is almost unique, for among the 
Euphaiisiacea a similar pigment appears to have been noticed only 
oil a single occasion. In ISTovember, 1909, a. large specimen of 
Thymmojmda acutifrons Holt & Tattersall was caught in a inid- 
wa.ter net off tlie West coast of Ireland. This specimen, wliieh 
'was dead b}" the time it reached the deck, was found to possess 
patches of deep hliie pigment associated with the pliotophores on. 
the eyestalks. Casual examination failed to reveal this pigment 
in the otlier photophores, which, however, were of a darker colour 
than is usual iy the case. The specimen was put aside in a, disli of 
water and when it was again examined, not more thaii half a n liour 
later, all trace of the blue pigment had vanished. It is evident 
that, even if in this case the blue colouring invariably occurs in 
the photophores, the plienomenon is one of great rarity among 
Eapliausiaiis, for it certainly is not found in Mep/miijctiphams 
mrvegica or in any of the common ISf. Atlantic species. 

The blue pigment of the photophores of Decapoda is much, 
more stable than that noticed in T. acittifrons. Although rapidly 
extracted by alcohol, it -will persist for years in specimens preserved 
iu weak formalin, remaining distinct long after the general red 
colouring has disa.ppeared. 

The lens of AcantJiepkyra^ being blue, can necessarily only allow 
the emission of bine light and it is not impossible that 'this is 
also true in the case of Sergestes, where the lens is transparent 
and the first cellular layer blue. It seems then that, at least in 
the former genus, the production of blue light is a necessity, 
but it is impossible to suggest any explanation of this curioiis 
phenomenon, 

Pliotophores have evidently been developed by Cimstacea in a.t 
least' three separate instances, /Those possessed 'by Acmithephyra 
mid Iloplo^jhoms are in structure wholly distinct from those of 
fSergestea, whiledn neither case' is there any resemblinice to the, 
very com j)lex, organs of the Euphausiacea. I 

It is^a remarkable fact that, whereas 'in the latter' order the ■ j 
possession of photophores is the general rule (only m. IknfJieu- 1 
'phausm 'RTB they absent), 'their occurrence in large .genera such as' 
Aergestes^'tiiiid AcanthqAip^am limited to a few species only. Tliis 
is particularly noteworthy in Sergestes, m which two forms, both 
'of /vhicli are' classed among'' a small , 'group. ■ of , extremely closely ' 
allied species, exhibit a large number of photophores,' whereas 
none are to be found in the other members Composing the group. 
Hofiein, in a short but interesting paper has summarised the 

^^Pdflein, Sitningsber. d. Ges. f. MorplioL und Physiol in Munclif^n, xxiu 1907, 

„pp,; 133-136.,''. ' . "/ .y v' 
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various snggestioiis wliieli have been ma..de as to tlie use of 
luminous organs to marine animals. He remarks that they 
probably serve different functions in different gi-oups of animals 
and classes them in four sections. 

i. A.trr<xction of prey (chieliy important in sessile or slowly 
moving animals). 

ii. Attraction of other individuals of the same species, either 
(a) for the formation and maintenance of sxvarms or (b) to enable 
the sexes to find arid recognise one another. In this connection 
Doflein points out that animals with a complicated system of 
photophores always possess highly developed eyes, and refers to 
Bra.uer’s theory tha-t the varying arrangement of photophores 
produces light patterns serving as recognition marks, like the 
colour-pa.tterns of animals living in daylight. 

iii. Protection. The clouds of luniinous secretion emitted by 
some species may possibly serve the same purpose as the ink of 
the cuttlefish, and photopboi^es may also by a. sudden flash of light 
scare a pursuer. In the fauna of land and shallow water a 
brilliant colouring is often assumed as a, signal that the species is 
distasteful, and some deep'Sea animals may, for the same purpose, 
exhibit warning lights. 

iv. Illumination of olijects viewed by the animal. On this 
theory it .is difficult to account for the ventral and lateral position 
of the photophores in many marine animals'^. In Crustacea 
this is particularly well shown, for the large majority of the 
organs illuminate regions which seem altogether out of I’aiige of 
the eyesight. 

It is evident that these suggestions will not account for every 
case which can be found; the jxhotophores in the roof of the 
branchial chamber of S'ergresie^i remain inexplicable. 


The vast majority of marine animals which possess photophores 
live at the surface or at intermediate depths and never occur on. 
the bottom. Ho exceptions to this rule hawe been noticed in the 
deep-water fauna of the Irish Atlantic slope, but it seems that 
tlie two Eupliaxxsians, MeAjmi,ycti{phanes norvegim Wyctiphcmes 
cx>tw'klij sometimes found on the bottom in shallow water. On 
one or two' occasions large numbers , of these two; species have 
l)een caught off the Irish coast at depths of 40 to 60 fathoms, and 
there are indications that the specimens which were bbtaiiied in 
theise hauls were actually living on the sea-floor. The same two 
species are frequently obtained over depths of 400~“8()D fathoms 
.off the ..'West, coast of Ireland, and -here they : invariably, ".occur in 
niidwater. 

It must be remembei'ed that the ordinary open-mouthed nets, 
which are generally employed for bottom work, fre(|uently catch 

* Miss Massw informs me that when studying the development of the Cephaiopod, 
Histiofenthis honelliana, which when adult possesses photophores all round its 
tody, she noticed that the organs ' are develop^ on the side' which is ventral 
wluh the inuinal is swimming* 
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mid wa, ter oi-gamisms while being hauled, and there is reason to 
believe that erroi*s arising from this source exist in many of the 
instances in which animals bearing photophores Lave been 
recorded from the bottom. 

Many of the higher marine animals live on the sea-floor at; 
depths to which no ray of sunlight can ever penetrate, and, tliougli 
they possess well-developed eyes, are themselves, for the most 
part, without any special illuminating apparatus. That light 
exists at these depths seems almost certain. It is probably fairly 
plentiful in i*egions thickly populated by Ocelenterates, and the 
excretions of niinieroiis animals of a more highly organised nature 
have been found to be brilliantly phosphorescent. The restriction 
of photophores to species living in midwater seems only explicable 
on the theory that there is a comparatively plentiful supply of 
iiglit on the l3ottom itself. 

The sections of the photophores were made by the para.ffin 
method in the laboratories of Trinity College, Dublin. Decalcifi- 
cation -was not attempted, for it was found that the cuticle wa,s 
sufficiently soft without it, this, perhaps, being due to the fact 
that the specimens were preserved in formalin. 

In conclusion, I wish to acknowledge my indebtedness to 
Dr. W. T. Caiman for much useful help and criticism, and to 
Dr. H. H. Dixon for his valuable assistance and advice in the 
preparation of the sections and micrO' photographs, 

EXPLANATION OP THE PLATES. 

Plate LII. 

The figures on this Plate are reproduced from micro-photograplis, 
Aeanthephi/ra clebiHs A. M.-Edw. 

Fig. 1. A longitudinal section of a pliotoplioro from the protonod ito of thei>h*opod. 

X 185. (Compare tig. 1, PL LIV.) 

2. A transverse section of the photophore behind the base of tlie last pair of 

legs. X 133. 

Plate LIIL 

The figures on this Plate are reproduced from micro-photograpli.s. 
Aeantlie;phyTa dcbilis A. M.-Edw. 

Fig. L A transverse section of the telson near the apex, passing through the median 

dorsal patch of blue pigment. The section sla}ws thl^Tgukr arrangement 

of nuclei below this area and also the bases of two spines cut trans- 
. ' versely.,, ' ^X.'93.'' 

Ber0estm c^aUengeri Wmmn* 

F ig. 2. A median photophore from the thoracic sternum, cut transverse! j, X 320. 

3. Part of the penultimate joint of the second mas illipede, cut longitudinally, 

, , ' showing'a photophore ■in transverse ..section, ■ .X '2^7. ' .'(Compare %, d’ 

' , ' '.Pi, IjIV.)' '. ' ' , ' 

4. The photophore at the base of the exopod of the first maxilHpedt^ in trans- 

verse section. X 300. 
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Plate LIV. 

The figures on this Phite are semi-diagrammatic. 

Aeautheph'i/ra dehilis A, M.-Edw, 

Pig. 1. A longitudinal section of a photopliore from the protopodite of a pleopod. 

The cellular layer (c.), which is apparently derived from the epithelium, is 
composed of long celhs with densely staining nuclei at their outer ends. 
The only cytoplasm which is visible lies between the nuclei and the inner 
face of the lens. X 210. (Compare fig. 1, PI. LI I.) 

Serpestes chaUengeri Hansen. 

Fig. 2. A longitudinal section of the eye-stalk showing the pliotophore (p//.) lying 
close to the eve (e.) and separated from it by a curtain of black pigment 
{■p). X Ififi. 

3. A photopliore from the penultimate joint of the second maxillipede in trans- 

verse section. X 380. (Compare fig. 3, PI. LIIL) 

4. A transverse section of the branchial chamber showing an artbrobrancb (a,) 

and one of the four photophores { ph.) which are set in the roof of the 
cavity and appear to illiiminate the gills from above. X 44. 

6. The same photopliore on a larger scale. The two layers of the lens (/.A ami 
0 . 1 ,) and the first cellular layer (c.') are formed from the cuticular ami 
epithelial layers of the inner surface ot the braiicbiosteg'ite, X 38U. 

Beference letters 
«•. Arthrobraiich. 
h, ,Hranchio.stegite. 
c. Cellular layer (in Acantheph-gra) 

A. First cellular layer (in Sergestes.) 
c”. Second cellular layer {iixSergestes), 
c. Eye." 

e.l. Epithelial cell-layer. 
g. Cone of minute highly refractive 
granules in close connection with 
nerve-strand. 

1. c. Inner cuticular layer of branchio- 

stegite. 

2. On tlie Varieties o£ nifAtbs in Egypt ; witli General 

Notes on the Species having reference to Variation and 
Heredity. By J. Lewis Bonhote, M.A., F.L.S., F.Z.S: 

[Received December 23, 1909.] 

(Text-figures o8-62.) 

'While spending a few months recently at the Cfiza Zoological 
GardenSj near Gairo, I. was enabled through the kindness of the 
Directorj Capt. S. S. Flower, to examine a large number of the 
common House Bats of the district. I gladly took advantage of 
the opportunities thins offered, as I was convinced that a close 
study of this species would throw some light both on the causes 
of variation and on the inheritance of the varieties that are 
found in such profusion in Mus 

In addition to the rats which were caught in the Gardens, 
Dr, Charles Todd, of the Bnblic Health Department, kindly 
allowed me to examine and measure all the rats that came into 
his hands during the time that T was in Cairo. These rats were 
taken in varions towns and villages in the Deltadiy special catchers 
einploy(*d )>y the Public Health Department, the result ])eing that 


i.l. Inner layer of lens. 
m.l. Middle biyer of lens. 

71 . Nerve. 

0 . Optic ganglia. 

o,c. Outer cuticuhiv layer of branohio- 
stegite. 

o.l. Outer layer of lens. 
p. Curtain of black pigment between 
pliotophore and eye. 
ph. Photojjhore. 

Reflector or striated layer. 
sd. Sheathing layer of cells. 
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criticised my pc.pcr a.nd comes to the' conclusion tim.t my eifort; 
lias not cleai-ed n]) tlie confusion, and tliat all tliese i‘at8 lieiong to 
one ami the same species — Mas rattas. 

Dr. Hossaek’s i-emarks, fair and just as they appear to lie, fail 
from the fact that we were working a.t the sulrject from entirely 
difierent points of view — he as a, medical man, anxious to know 

the luimber of species by which tlie plague might lie conveyed 

I, as a zoologist, seeking for n, law and order in the appai‘entl\’' 
iniuimerable varieties found among these rats. For 1)1*. hbis- 
sack’s purpose it is sufficient to know that there are Imt ivwo 
species of true rats, usually found in houses— tlie short- tailed, 
lieavy-l^nilt and pi*a.ctically invax*iable Mas nori^et/ieus, and tlie 
long, slender, and extreme!}^ varia,ble Mus rattus^ w6nch iiicliKles 
f/i? the varieties bearing the mass of names that so confused my 
critic. Hfui lie written to me in the first place, I could have told 
liim at once that all these long-tailed i*a.ts belonged to one vei*y 
variable species, and tliat in the large towns, where all his 
material was procured, no order or classification was possible as 
tlie varieties had become hopelessly mixed and crossed, liut that 
in the country places the varieties were miicli lietter defined, 
and apparently bred true. The question of the classification and 
study of these varieties is a- specialised study for zoologists, and it 
is not to be expected that a medical man, studying tlie plague, 
sl)ould be able to devote tlie time necessai'y for tlie thrasliing out 
of vsuch matters. ,■ 

It wvould therefore have been better had lie applied to recog- 
nised authorities foi* his information, rather than attempt a task 
in a specialised subject outside the scope of liis investigations. 

I am glad to have had this opportunity of replying to 
Dr. Hossack, for many people do not yet realize that the study of 
geograpliieal forms and minute variations has a very great bear- 
ing on .many large and impoitant zoological problemis, but need 
not concern the man engaged on other cognate investiga tions, {ind 
in the present instance it is sufficient for liiin to knovv tliat all 
these varieties of the long-tailed rat belong t<) onimspeeies, 
raMus. 

Mais x^'ittus vh 

In Egypt we find two distinct forms of 3his raMus the one 
with pure white uixderparts and wdiite feet, wldch was named 
'Mus ,Bavi ; and the-/ other with, sla.te-grey iinderparts' 

■ ;a,,nd' 'dark heet, which may^ be ■ knowiX' as Ihis 
Between these two fox-ms many interraediatea occur, tlie actual 
typical foiaiis being coinpaz-ativelj rara.>. 

^ w Savi, ISTaovo Giorn. Pisa, 1825, 

t alexandrimis Geoff. Descr, de rEgyptej Hist. Nat. ii. p. 733 : Atlas, nl v 
1 (1812). ■ , „ , '■ * i' 

t This stateiTient apparently contradicts the remarlcB on p. 653, but it must he 
borne in mind that those remarks w^ete based on Malay material, obtained in contres 
removed from the influence of foreign shipijing, whereas in the present case the 
specimens came from populous ecntres, contiguous to a large waterway (the Kile 
and its hvanehes). 
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I have alreaxly referred to tlie fact that in India, tiie tliree 
varieties of i/. nittus may roughly be considered as iiill, tree, and 
lioiise forms ; but in Egypt, where tlie culti\'ate<i pai'ts freqiienterl 
!)y tliese i*at,s ai'e iow-iying and level plains, only two forms were 
found. 

I made a number of careful observations in the Cfiza Gardens, 
wheie both forms are found, to see whether the two vaideties ivere 
really different in their habits, but sucli evidence as I was a.ble 
to get together was very inconclusive. Large numbers of plane 
tiees grow in the Gardens and on these, often at a considerable 
heigbt from the ground, many heaps of the fruit, looking not 
unlike squirrels’ dreys, were to be foumh These* were un- 
doubtedly brought together by rats, but investigation |>roved that 
they were used merely as convenient platforms on which to feed^ 
and not as sleeping or breeding places. The seeds of these trees 
are apparently a favourite food, and a,s it would be impossible for 
a rat to devour them in sitio, they are picked and carried to the 
first convenient spot, generally a foi’k neai‘ the main trunk, to be 
devoured, and it is on such places tliat tlie acciunuiated debris 
forms the apparent nests. On the other hand, the fruit which 
had fallen to the ground was frequently taken into a neiglibouring 
Inish and eaten there, so that there is uiidoubteflly a tendency to 
an axhoreal life. 

On tw^'o occasions only did I actually see a lut in a tree, and 
neither time were they accurately identified, altliongii one, l am 
almost certain, belonged to the white-belHed form {i£ i&ctoi'VM). 
Both forms were found living in harrows in the ground as well 
as in the houses, so that there seems to be but little difference in 
habits between the two varieties. The apparent al>senee of the 
third (Indian) subgroup, how'ever, taken in correlation with the 
lack of high ground, seems ceitainly suggestive, but 1 .shall have 
more to say on this point later. 

In studying the various forms of 3fiis raUus I found it coii- 
veiiient to classify them into four giuups. 

(i.) The Tyjyical Tectormn, iii which the hairs ol the under- 
pai-ts are wdiite to their bases and the upper surface of 
the hind feet is also white, 

(ii.) The Grey TeM&rmii^ in which the hairs of the underparts 
are white to their bases but the nppa* surface of the hind 
: feet .shows traces, of brmvn. 

(iii.) The Grey AleMnclrinm^ in which the hoirs of the iindeiH 
. '.parts have ■ slate-coloured ■■ bases;, and ' the , upper' surface,, of- 
tlie hind feet shows much brown^ 

(iv.) The' Typical m of the under- 

parts ate slate-coloured throughout or nearly so, and the 
lurid feet entirely brown on the upper surface . 

In actual shade of colcnm much variation wa,s shown. Groups 
(iii.) and (iv.) were constantly darker than groups (i.) and (ii,). 
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but ill classifying tliem, reliance was only placed on the cliaracters 
noted above, wliicdi allowed no possibility of <loubt. 

[Jfiis nov'vegicm^ on the other hand, proved vei'y constant and 
no variation in colour was noticeable. In tins species, the laurs 
of the iiiiderparts have slate-grey bases and tlie u|)per snrfjice ot 
the hind feet is pure white, a combiiuition of characters a,|)pai-- 
ently not found in M. raMiis from Egypt. 

Apart fi'Oiii this distinction, M. norvegicus is a larger and more 
stoutly built animal ; the length of the tail Qiever exceeds tlmt of 
the hea,d and body, and tbe ears are shorter and more roundeiL 
There are gil so some easily recognisable skull difrerences, whieli 
need not be gone into here.] 

Every specimen was carefully measured in the flesh by myself 
with the same callipers, so that errors from a comparison of 
measurements are reduced to a minimum. The measureineuts 
taken were : snout to I'oot of tail, tail, hind foot, ear*. 

The largest measurements in mm. were as follows 


. 

Head & 
body. 

Tail. 

Ear. 

Hind foot. 

mrmgicits. 3' ‘^50 ... 

253 

233 

23 

43 

„ „ ? ad. No. 215... 

225 

204 

19 

41 

r. tectomm,. ^ ad. No. 203 ... 

188 

232 

■ ', 24 

35 '5 

„ „ $ ad. No. 181 ... 

190 

232 

24 

36*0 

Mm r. alexandrimts* ^ ad. No. 290 ... 

199 

220 

26 ■ ' 

35 

„ „ $ ad. No. 287 ... 

195 

208 

26 

35 


[These measurements are given only as si lowing the greatest 
sizes attained ; tliey are tliose of individuals and in no sense 
average measvireraents, so that, foi- instance, it must not be 
assumed thiit tbe ears of if. are on tlie a,verjige 

larger tlian tliose of il/. tectonmL Owing to tlie liifficulty of 
accurately estimating the age of any individual, it is impossilile to 
give' average' measiirements.]' 

The proportionate lengths' of the body and tail measure'in exits 
were found to vary in both KSpecies, but in if. normgicm tlie tail 
never exceeded the body length, and in 3£, ratkcs the tail was 
;''alw^ays' longer thaii, tbe. body ' length.' , 

The iriost reliable measiH’ement therefor^^^^ on which to make 
comparisons and the only one which dealt w’itii a struct a ral 
:leature:iiiici Tor .that reason..admitte'd',6f -least error, was. that'of '- tlie 
liimi foot. This measurement may therefore he ta.ken as a fair 
criterion of general size and as forming a good and reliable index 
for comparison. 

Curves of this measurement were made, and on refoxTing to 
that of iMus rattm (Table I., textTg. 58), we note that the male 
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Text-fig. 58. 

Length of Hind foot in mm. 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 



Tablr I. 

Curve of liind-foofc measumnents of Mtts ratUs (all forms). 

The dotted line represents Tneasurcmeiits of the males- 
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curve (dotted line) sliows three apices at 29, 33, and 35 miiu, 
aud that the female curve shows an apex at 30 and 35 with a 
break in continuity between 32 and 34 ; that is to say, botlmsexes 
show three apices^ and, that therefore a larger number of I'a.ts 
have hind feet of those three ineasurements than of the inter- 
vening sizes, Now, as these measiireinents include ints of ail 
ages, and as there is no reason wdiy there should be more of one 
particular age than another, seeing that the breeding season is 
fairly continuous throughout the year, it follows that w^e have 
here three ‘limits of giK)wth,’ or, in other words, that certain 
individuals reach their limit of size at these tliree points, and 
eonseqneiitl j that tlie numbers at these points tend to accumulate 
and thus to foirn the apices in the cui*ve. Those who accept 
Mendehs theory would here maintain, and probably with justice, 
that each apex I'epresents a mutation, and tliat at'onnd tliese 
mutations fluctuating variations would occni* so that, unless closely 
examined, the whole series would appear as a case of continuous 
vaiiatioii. 

Text-flg, 59, 

Length of Hindfoof in mm. 



C'nrvt' uf liind-root niejiKurcmentsi of Mm rattm Icviornni [U roups i, k ii.], . 
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Text-lig. 00. 


Length of Hind foot m mm> 

/ 26 27 28 2930 31 32 33 34 35 36 37 38 39 40 41 4Z 43 44 



TaBL 15 ill. 

Curve of biiul-foot measurements of Mm rattus aleA\indHmm [(xroups iii, & iv.]. 

(IST.B,— Tables II, & III. arc represented together in Table I.) 

Tables II. and HI. (text-figs, 59 & 60) show tlie corves of 
M, r. tectonmi and i/. r* ta,ken .separately. In the 

first table I liave included all the rats whieli would fall under 
groups (i.) and (ii.), and in the second those included in 
groups (iii.) and (iv.) (see p. 655). 

The 'tectonmi males show apices at .31 .-and 35 mni. with a slight 
check at 33, and the females at 30 and 35 with a slight check at 
32-33. Tn cdexcmdrimis the 'males"show apices at '29 and', 33 with 
a slight check at 35, and the females a slight apex at 33 with a 
large one at 35. There were no females of ah;m}idnnus helo\\' 
30, which accounts for the absence of the first apex. 

This comparison makes it very clear that the apices in the 
general curve (Table I., text-fig. 58, p. 657) are not merely due 
to accident, but that the midclle one- at 33 represents the variety 
known as alexcondrimis, and the lax'gest one at 35 represents 
the wliite-bellied The fact of the curves in Tables IL 
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and III. showing traces of the other apices, does not invedidate the 
reasoning as groups (ii.) and (iii.) are intermediate 


Mus rattus. 

Compar ison of Indian and EgyjMcm Forms. ■ 

Tlie next question to arise is, what is the significance of tlie 
third and smallest apex a.t 29 and 30 mni. On reference to iny 
papei' quoted above in which I had divided M. rattus into tliree 
subgroups, W’e find the hind-foot measurements as follows : — ■ 

Jalorensis subgTOii2>, hill form. Hind foot 30 mm. (29 -31 '5), 

Jhifescens ,, tree form. „ 33 mm. 

Grisekenier „ house form. „ 35 mm. 

These rueasui'ements, it will be noted, correspond exactly to 
the three apices in the curves of the Egyi^tian rats ; so tha.t we 
are, I think, justified in considering the small apex nt 29 to 
represent the hill form {Jalorensis subgroup) of the Oriental 
Region, but which has become, in the level country of Egypt, 
iiiH'ecogiiisable exteriially. 

This is a point wdiich is of extreme importance from a deeper 
and more general point of viewq for here, in a low-lying coiiutry, 
we have traces of a variety wdiich in another |)art of the woild 
has become the predominant form in the iiills, ISiow, if con- 
tinuous variation ’were the only method of evolution, we should 
find that in a level country all variations suitable to the hills 
would he eliminated, so that, in course of years, no trace of them 
w^ould remain as they woulcl be swmmped by the more suitable 
forms, but apparently this has not happened in the present 
instance. The small-footed variety is still present in Egypt, 
permeating the race, and still existing in sufficiently strong 
numbers to s|3ring up again quickly and become a domiiiant form 
sluyulditever'Hnditselfundersuitableeonditions* 

Although, perhaps, not absolutely conclusive, this affords con- 
siderable evidence that the three subgroups of M. r'aitus^ whicdi 
T fii'st difFeren tinted in 1903 and which are strongly coniirined 
by the present work, probably arose as mutations. 

' ■ Til ere Is yet a further point..- One of the clmracters of tho- 

for subgroup (the hill form) is the pure white hairs of tlie 
underparts. In this case it is associated with a small hind foot, 
.but; in , Egypt ■ we find it in M.. teciorimny ■ wliicli. ha,s "the 'large.st 
hind foot of the three forms. It is therefore evident that the 
colour' of : the -.underparts is a cbaraeter which' has" not always 
hee.n.^'inherited' in', connection' with '.the size, of -the . foot, hut nmj " 
occur in any one of the subgroups, so that in one country it may 
be characteristic of the hill form, in another of the tree form, and 
so on*. 

I am aware tbat oa tlie evidence so far kronght forward it might be argued 
that, if the colour of the underparts is not always found in comlation with the 
same sized hind foot, it is a chax'acter of bat little use in distinguishing the 
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Comparison of M. rattiis and M. norvegiciis. 

Passing now from J/. rattus to J/. norvegicus nxidi. comparing 
Tables I. (text-iig. 58, p. 657) and IV. (text-fig. 61), we find a 
striking and surprising analogy in the curves. As in tlie case 

Text-fig. 61. 

Length of Hfndfoot in mm. 



Table IV. 

Curve of hiiid-foofc measurements of Mm-norvegiGHS. 


of M. rattiiSj 'M. norvegicm also -shows three apices at 32, 37, 'and 
39, but in this case there is no colour variation, and therefore no 


groiips, for being a separate mutation it might be found (if the liind-foot raeaRUre>. 
ment were taken as the determinant character : of the subgroup) in two or more of 
.the subgroups. ' , ' 

The answer to this objection according To our ^present knowledge is that in 
any particular locality we ‘have always found it associated with oi e, and only oue^ 
size of hind foot ; that is to say, always in the same subgroup as deftned by 
the size of the foot. Furthermore the: breeding experiments, so lar as they ha ve 
gone, seem to point to the fact that it is inherited in correlation with the size of the 
bind foot in the rats from Egypt. 
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lueans of individiially dLstiBguishing the different forms or iBiita- 
tions, as we nia.y noWj I think, call them. 

Here, therefore, in an entirely different spetiies we iind the 
same mutations piesent, and whereas in tlm case of the one 
(if. rctUus) we are enabled to distinguish easily tlie va.rious forms 
owing to the combination of the hind-foot cliaracter with a coloni* 
chmucter, yet in tlie other species (if. 7wrmgieibs) we a.i*e unable 
to subdivide it into three formSj owing to the impossibility of 
definitely detecting which character is present in any panticuhir 
iiidividual. IS^evertheless we have cognisance of characters 
(mutations) which cannot be recognised by any external inspec- 
tion of individuals, although we have proved their presence 
beyond a doubt. 

It would of course be rash to be too positive, yet it is ex- 
tremely unlikely that these rats cend in any \\i\ j to }>air according 
to their foot character. If the characters were tlierefore niei'ely 
individual variations, they would undoubtedly tend to be swamped 
and an even curve would result. This, however, is not the case, 
I E'er purposes of comparison we have added (Table Y., text- 
fig, 62) a curve of the hind foot of Acernys cahirmus ; this, it 
will, be noted, is a perfectly simple curve with only one apex. 
As the nuinber of xicowys measured (about 100) wms nearly the 
saine as the number of M, edexandrinm^ the eompaiison is a, 
perfectly fair one.] 

We liave here, therefore, in if. 7iorr>egicns a splendid example 
of a jVIeiidelian character (mutation) being carried on unimpaired 
through generations; and there can he little doubt that if these 
animals found theiiivselves under certain conditions where small 
feet, for example, prove of gi‘ea,t advantage, very fe’w genera-tioris 
would suffice for the small-footed race to become the dominant 
form.' 

The Mendelian theory enables us to understand how a. snail b 
footed race could be proiliiced in a very short time, or liow, if tliat 
faAX)iuabie nuitation were not present, the species might die out 
before tbe cinii Illative effects of Natural Selection on camtimious 
variation ^\vmuld iiavxrtime to act,. . 

Gmeral NoUs, 

Much work of value still ixmm.ins to be done ly ei’U|uiry iido 
the gradual forraatioii of species, and these rats offer a, wide field 
for tlie vstudy of minute variations, Many groups of tlie smaller 
rodents as, for example, nits the group and many 

pf the Oriental groups of squirrels, offer sin,iilar problems of great 
■complexity. ■ In theTbimier casewe'.have numbers of very closely 
allied forms all iidiabiting the same district, and each form has, 
a})parently, its representative in other neighbouring districts. 
Systematists of late years liave been content to burden each of 
these forms with a. different name and the.re to lea,ve the matter. 
8iich work, necessary aS it may l>e, can i>e hut a preliminary 
step, and unless tlie subject is pursued further, the chaos 
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brought a, bout by ti niultitucle of names is worse than tlie old 
plan by whieli one name was made to cover all varieties. 

More recently still, tlie rediscovery of MeiideFs tiieory has, at 


Text-fig. 62 , 

Length of Hind foot m mm. 

15 16 17 18 fS 20 21 
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lejist, given n working iiypotliesis on which we may attempt to 
solve some of the problems of heredity ; and tliongh I am far 
from admitting that Mendel’s law is the sole, or even the cliief, 
hictor governing hereditj', it does imdoiibtedly help us to iiiider- 
staiid how these closely allied forms can either (i.) exist in the 
same locality as distinct varieties, or (ii.) in another locsdity 
become apparently lost although a closer inspection sliows them to 
he present, only waiting for a suitable enviroimieiit in which to 
develope. 

To prove this matter further, it becomes necessary to conduct 
Mendeliaii espeiiments on these varieties. This I have begun to 
do on a small scale. The experiments ai;‘e, however, as yet in the 
initial stages and no definite results can be stated. So far as 
tiiey have gone, we find that pure i/. tectorum mated with pure 
J/. tectorum Iiave produced pure 3/. tectorum. Pure JA alexan- 
drinm when paired togetlier have also bred absolutely true. A 
pair of grey J/. tectoimm (group ii.) showing slight ti*aces of brown 
on the feet produced young like themselves (group ii.) and grey 
J.A alexmdrmus (group iii.). 

As fa.r as it goes, therefore, this evidence seems to further 
confirm the fact that Mus raitus should not be regarded as 
a species in which variation has run wild, but rather as a species 
containing certain definite mutations, v liich when mated together 
breed perfectly true. From its wandering hal:)its and prolific 
breeding iiiuch intercrossing takes place, giving rise to these 
inn unierable varieties, but no better evidence could be had of the 
purity of the gametes than the fact that when the apparently 
pure races are matetl together (even when captured amongst a 
mixed crowd) thej^ breed absolutely true. 

jSUimmciri/. 

The main points that have been brought out in this paper are 
a.s follows 

(i.) Two varieties (and intermediates) of M. raitus are fouml in 
Egypt. ■ 

(ii.) The hind foot is taken as a standard measureinent and 
■curves of this, measurement drawn. 

(iii.) These curves show three apices, the first being very 
small. ' ' 

(iv.) These three apices correspond with the length of the 
hind foot typical of the three subgroups of M. raUtis in the 
(>ri€3iital Eegion described by myself some years ago. 

',,■' (v.) Hence it is argued .thatthese, three' apices prolmbly repre“ 
sent and that the first and smallest apex represents 

the Jalmrmsis subgroup found in the Oriental Region, but which 
from some cause or other is practically non-existent in Egypt. 

, 'Since, ,, ho'wever, ' a mutation .cannot '■'■ he, ' .destroyed, ■ ■■ we '" ■still 
find it in a small percentage of inclividiials ready under favour- 
able circumstances to inerejise. 
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It is pointed out that this may account for the very quick way 
in which some species accommodate themselves to altered suiToiiiid- 
iiigs, since if a, favourahle mutation is present in the species very 
few generations would suffice to make it the dominant form, 

(vi.) In il/. ratfMs we found that the length, of the hind foot 
was also correlated witli external differences, and that tiie white- 
l)ellied i/. tectorum had a longer hind foot than the darker 
J/. idexundrinus, 

Altliough in the Oriental Eegion the pure wliite uiiderparts 
is characteristic of one of the subgroups, yet in that region it ivS 
correlated with a different sized hind foot to that with which it is 
a.ssoeiatied in Egypt. Therefore the length of the hind foot and 
the colour of the uudeipants, although both pure mutations, can 
probably he inherited indepeudentiy. 

(vii. ) An examination of the hind-foot curve in M, norimgicm 
showvs also three apices, but in this case there is no colour- 
character by which the mutations may be distinguished externally. 
The length of the hind foot as a mutation is therefore a character 
common to two or more species. 

(viii.) It is suggested that this enables us to understand how 
several very nearly allied forms of the same species (e. g. in JAw 
jerdoni and some of the Bciurida;) may exist in the same locality 
without losing their characteiistic differences, however small 
those chifferences may be. 

(ix.) Further investigation on these lines is required by means 
of experiments in heredity, and so far as the author has carried 
these out the }>iire varieties of M. teotorimi and if, alexmidrinm 
werewfound to breed perfectly true. 

( X.) Lastly, this paper claims to show that .Mus rattus is a species 
containing' xiiany slight hut deffnite mutations winch, as far as 
the evidence goes, breed true when paired together, and that the 
apparent innumerable and indefinite variations are merely due to 
th^se animals being carried all over the world and mixing together 

in th(3 large seaport towns. • 

In slioi't -The varieties in JAts raUtis appear to run on definite 
lines and to have arisen as mutations, they are therefore inherited 
on Mendelkn lines. Of the three main varieties found in the 
Oriental Begion only two occur in Egypt, but this paper shows 
the presence of the third, though in very small numbers. One of 
the characters of tlvese varieties is shown to be present in another 
species, if mrmgiGm, although' it cannot^ he distinguished in any 
particular indiv id It is further hinted tliat manyof these so- 

csiiled species which are very closely allied have probably arisen as 
mutations, and that it is due to this fact that they are able to exist 
side hv side under precisely the same conditions and yet preserve 
tlieir cbarjicters intact. It may also he noticorl that the colour- 
character of the hairs on the imderparts is also found in another 
species, namely, the house-mouse, Mm rnusculm, M, m. gmtilis 
has the hairs white to their bases, while M. m, orienkdis has slate- 
coloured bases. Both these forms occur in Egypt, . . . 
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3. Oil ail exaiiiple ot* Posterior Diehotoniy in an Aylesbury 
Diieldiiig. By G-. E. 

[BeceivtHl March 14, 1910.] 

(Text-figures 63 & 64.) 

It is ^vell knoMui that instances of dichotomy and the re- 
duplication of limbs occur not uut'm|iientby in domesticated 
inammals and birds. Many examples of such inalfoiiiiations 
liave been recorded hithertf) by such authors as Forster, 
8t. Hilaire, Allifeld, Albei’s, Batlantyne, His, and Bland Sutton. 

The last named, in bis work entitled ‘ Evolution and Disease/ 
describes amongst other examples of birds having siipernumeiury 
pelvic and other limbs, a chick, which presents the most frecjuently 
observed characters of posteiior dichotomy. In the main, the 
subject of the present paper is soiiiewbat similar, but with tlio 
addition of certain well-marked deviating chai'ticters whicdi do not 
appear to liave been described by any previous author. 


Text-hg, 63. 
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Hertfonkliire (bounty Museum, was hatclied in. July 1909, aud 
lived fer iibout twenty-four hours, Tiiere appear to Iiave bee,ii 

Text-fig. 64. 



Diagram showing form and relative position of bones composing snperiiumeravy 
legs (twice enlargM). ' . 

two individuals witli supernumemrv legs from the same batch of 
eggSj but the second specimen did- not pass into tlie author’s 
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hixiid^. It was stated tlia-t tlie autoaite, in both instances, had no 
control over the siiperninneraiy legs. ^ 

Briefly to siinniiarise the result of the dissection, the tollownig 
featiires^' were found to exist in the pa,rt dichotomised, which 
occupied a median position on the ventral aspect, ^and, as ^usnal 
in such cases, was stunted generally in growth. The pelvis was 
reduplicated and malformed ; the femora were fused together, and 
siipiiorted and not two stunted, tibiae. i.he hbuhe and 

patelhn were entirely absent. The two outside limbs W' ere further 
well-developed as described later, wdiereas tlie third limb holding 
a inediaii position on the base of the conlluent^ feniur terminated 
with a tarso- metatarsus, reduced to a mere spike-like pi-ojection, 
covered, however, wuth scaly integument. 

The reduplicated pelvis did not appear* to be attached in any 
wa^r to the body of the autosite, but was contained entirely witliin 
the integument. Its form, as shown in the illustration (text- 
64),%voiild appear to suggest a tendency toward atavistic 
stoicture, embodying as it does certain characters seen in the 
iliac arch of Batracbians. 

The writer desires merely to place the fact of this apparent 
similarity before the reader, without throwing any particular 
stress upon it, for as Gegenbaur has insisted, and his opinion has 
been backed by subsequent investigators, atavism cannot be ac- 
cepted as an explanation of resemblances between forms that are 
systematically far distant. It is generally found that striking 
instances of supposed atavism are the result of misinterpretation. 

The total length of this presumed pelvis from its base to a 
point midway between the tips of the two f urcations is 10*5 mm. 
From paired slight processes occurring at the bases of tlie 
fiireutioias, there arise two unciform cartilaginous processes, 
each extending upward in contact with the osseous parts, to a 
point about 2 mm. from the apex of each furcation. The free 
ends then deflect inward toward the body of the autosite, the 
tips being obtusely rounded and in no way connected with , the 
walls of .the abdomen. , 

The confluent femur occurs as a free Joint covered with skin, 
.and is attached by muscle,, and lateral tendons, to the sympiiysis 
pubis, a single caput femoris of minute size occurring directly 
behind toAvard the ventral aspect of the autosite. The total 
iength of this bone is 16 mm. At its lower end it broadens out 
to forni three distinct series of condyles articulating with the 
stunted tihiax, ■ The patellae, as already.' stated, appear to I)e.' absent, 

,, and the fibulae, if present, are- fused^ with ' the' tibiae ' What may 
l>eihaps be term outer pair of these bones are of even 

length, viz, 5 mm., whereas the single centre one is 7 mm, 

The two outer tarso-metatarsi are large in proportion to the 
"tibi«, each be.ihg '21 'inm,,. in 'total length .nad.. covered .witlr'>scaly 
integument. , The . hind 'toe.. in each ..is lacking."' ' The'iight foot' 
otherwise is normal in structure, but the left lacks the third toe, 
'Tta '|fiace being, taken by W' broad' flap of web membrane. 
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The left tni'so- metatarsus and foot, moreover, are directed iiiwai'd 
towaj'd the body of the aiitosite, pre.senting a three-quarter 
piantair aspect when the specimen is viewed from the fi‘oiit. 

In. tlie centiwl limb, as previous], v stated, the tarso-meta,- 
tai'sus is represented merely as a spike-like projection 6 iiiiii. in 
lengtii. 

The subject of the present paper is interesting mainly in tlie 
fact that tlie snper}umiera.iy paired limbs are again pailially 
diciioinotised by the presence, in articulation with the contiuent 
ieniirr, of a third tiliia and tarso-metatarsus, the latter imperfectly 
for,i lied an (1 st anted. * 

For assistance in the prepa ration of tliis paper my tlianks are 
doe to Mr. Jolni ilopkinson, if.Z.B., and Mr. E. Leonard 

Eill, M.Sc. 


May 3, 1910. 

■ Dr. A,. Smith Woodwaiid, F.E.S., Mice-Fresident,' 
in the Chair. 

The Beci’etary exhibited a photograph of a Giraffe, kindly lent 
him by Mr. Card Hagen beck. The animal was an adult female 
3*30 metres in height, obtained in Gallaland, East Africa, and 
was' in the possession- of Mr. Hagenbeck. It displayed ; a 
reticulate coloration, in which the lighter ax*eas were reduced to 
narrow lines, clearly on the neck and liody, but the hind-quarters 
were bio tclied, w'hile the spotting came lower down on the legs 
tl.ia.n /in the typical reticidatfL It possibly represented a 

type intermediate 'between G. TeLimlata and .6-. carmlopardcdis^ 
but it was to be remembered tliat the specimen was a ieihale, and 
that females did not eNliibit the typical coloration so conspicuously 
■,a,s',old males, , 


Mr. E. E. Auste,n, F.Z.S.,' exhibited a specimen of a rare- Fly 
{('\’jmeii 4 ympia ulricMi Brauer) fro.m East Prussia, pa,rasitic in the 
is real stage in the throat of the Elk {Akes machlis Ogilby), 'and 
rema.rked ondtS' habits and 'those of allied species.; This specimen 
liad been recently acijuired liy the. Hon. Charles Rothschild " and" 
presented by him to -the British Museum. , 


Dr. R.'A. (J-Brien, introduced "by Prof. E. A. Minchin, M.A., 
F.Z.S., exhibited a series' of lantern-slides illustrating the habits 
of ■ the 'North . Quee,nsland , Green ■ Tree- Ant - {(kmpfu/Ua 
dmaT}A. The '-Green Tree- Ant is found in the open forest 
'' -" , Pho€.' 'Zool. ,Soc.—1'91'0,. No. -XLiy . 44 
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eoniitry or “ biisli,” on the edge of the thick jungle oi‘'^kscriil),” 
siloiig ti),e sea-coast of Isrorthern Queensland. It is a reiy active 
pugnacious insect, from half to three-quarters of an inch long, 
living wholly or almost wholly in trees. In riding through, the 
coiintr}?- one is frequently covered with the actively-biting insects 
wliieli fall from a bough touched in passing. Fortuiiately the 
bite, though momentarily severe, is not followed by any siib- 
sequent irritation. 

The nest is built on the bough of a tree and consists of a very 
large number of leaves, generally fresh and green. These are 
matted together with a' gelatinous material exuded from lainue. 
which the worker ants bring up to the site of the projected nest, 
where other a,nts bold the edges of adjacent lea/ves together. 
This process is repeated until the bundle may be several feet in 
diameter. 

The bridge formed of the bodies of the ants shown on the 
screen was re-formed, when broken, by festoons of ants lianging 
from the upper leaf until some of them, dropping from the festoon, 
joined momentarily with otIiex\s on top of the leaf and twigs 
below. Others quickly joined in strengthening the bridge until 
it was about four ants’ width and eight ants’ length. Then tlie 
one leaf ivas seen to be dragged slowly nearer the otlier, decreasing 
the bridge to five ants’ length, and at this stage it. remained for 
several days, when I left the place. 

The ants on duty” in the bridge over which other ants i‘an 
to and fro carrying their “ game ’’ were watched carefully for 
8Q minutes, and none in the centre of the bridge was relieved 
during that time ~-a rather remarkable feat of strength and 
endurance. 


On a, new Trypanoplasm, 1\ dendrocaM, sp. n., from 
Dejidrocoelum kiciezmi, 

' , Fantham, F.Z.S., exhibited, on behalf of Miss Annie 

Porter, and Inmself, preparations and original drawiiigs of 

iineW'dVypmiophsma {Cryptohia) from the alimentarv tract of 
lacte^u/ni, ; In some of the prepaivatioiis the Jivim;*-' 
organisms: were shown. ■ The 'parasites measured from 2f) u 'to 4f) « 
long 'approximately., TiieyKvere.bihagellate, 'the posterioxvfk^^^^^ 
forming a border ,to' the' 'imduiating membrane. The blepharo- 
plast (kinetonueleus) was targe. -and often somewhat' curved; . It 
was. .proposecl to call , the.’ parasite' Trypcmo'plasma {Gryptohia) 
deiuirocmlG There, was.. -evidence.' of .'hereditaiy' infection of the^ 
Planarian hj the Trypanoplcmna, for "the parasites .had been .seen 
to.’ .enter’ the .eggs, of the hos% and . in ’Some ’’Cases-' to divide' 
longitudinally there.in.' 

’, .Breeding-experiments on Dendroemtum were i-n progress in order 
to,’obtai,n’ further '.'information -■-concerning 'the .'hereditary- ti'a'nS'- 
mission of the painsite. Dr. Fantham and Miss Porter thought 
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it probable tliat tlie heredit 

of ■ the transference of the pry method was not the only means 
seen Trypaiioplasms become rasite from host to host, l^hey lifid 
probably resting forms whi‘OUuded, the rounded para.-, sites being 
from the host in this condch, perhaps, encysted and passed out 
had also been seen to Living dagellate TrypjvnoplasBis 

Fresh Dmdrocmlmn of tlie host on a few occasioirs. 

month, by ingesting Q'te/mn may thus become infected by the 
with their food. ither flagellate or rounded Trypaiiopiasms 
It is of intere‘' 

cmlimi in its n"^^' that, wdiile the food of Deiidro- 

derived from ^diiral environment consists of aninial matter 
plant Molluscs, and Crustacea together with 

bred by many of the infected Flanariaiis wdiicli w^ere 

vegetar^'* Fantham and Miss Porter were kept as compulsory 
pans throughout their existence. 

^ yyiir as is known, this is the flrst record of the occurrence of 
ypanopkisnm in the Platyhelrninthes. 

.-ilitiherto Trypanoplasins had been described from the blood of 
a number of freshwater fishes, in the alimentary tracts of certain 
leeches that feed on the fish, and in the intestine of certain 
marine fishes. The genus wms created in 1902 by 

Lfiveran and Mesinl, the type-species being T. hof'reM in the blood 
of the i*udd. Oryptohia helicis of Leidy {Bodo helicis of Diesing), 
from the reproductive organs of snails, was stated by Friedrieli 
(1909) to be a Trypanopksm. Crawley (1909) claimed that the 
generic name Ckyptohia Imd |)riority over Trypanoplasma, The 
diagnosis of given by Leidy was, however, rather 

vague." ' 

There was also the interesting and closely allied genus Trypan- 
aphis, studied by Poche and Keysselitz for flagellates parasitic 
ill the ecBlenteric cavity of certain Siphoiiophores, The genus 
Trypcmaphis was merged in that of Trypcmopdmina by some 
authorities, for example, Leger. ■ 
vDr. IFantham a.nd- ■ Miss. -Porter '■ also' desired' to record tl.ie 
oceurrence, of -a Trypanosome-like .flagellate which was ' seen on 
rare occasions in the giits of Beudroccekm smd Tolycelis 

nigra. , 


-The following papers were read. 
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Tlio Morphology and Life-Histof^; suiioog 

avium: a Sporozodii caiismg^^^ ] );ry'*.LiMBL, 

young Gronse. By ^ ^ Cnm- 

B, A. Cantab., xA.R.C.iS., q|‘ biulog}', 

bridge, xAssistant to .the Quick..l;x,|,p^, (Jroiisi* Diseasi^ 
Cambridge, .iiiid Protozoobgist to 
Inquiry. 

[Received April 5, 1910.] 

(Plates LY.-LYlll^^ and Text-figure' 
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I. Inteobuction. 

Tlie subject of this memoir is a microscopic, protozoal parasite, 
which infests the, lining epithelium of the alimentaiy canal of 
grouse. It lielongs to the Ooceidin, a groiip' of ptirasitic Protozoa 
many of wliicli tire known to occur in the digestive tracts of 
l)oth, , Yertebrates and Invertebrates. ■ These minute o.rga,nisms 
reproduce 'by means of I'esistant spores, and l.felo,ng to thfit clas'S 
of tlie ' Protozoa, known 'as- the' Sporozoa, . Tlio Coccidia are. of 
economic impoitance, . inasmuch ■■a.s 'they destroy tlie .mvtcous 
rnembiime of tbe intestine of the host, tlierehy setting up 
enteritis which' , is accompanied ,ly /diarrbcea,, ' a,n,(:! very often 
1ms a fatal efieet upon the imfortunate animal harbouring tbe 
parasites, especially if the host he' young.' 

S.iicli'; a.' disease---ternied'em*eidiosi.s-— has dong heeiv,' k'nc)'w.ri 'in. 
rabbits,, and i,s'. .often ■ fatal. . Ocea.sionaIly ■ coccidiosis occurS' in,' 
The ,Iife-histoiy .of a ."Goceidiah parasite is complicated.; 
'Tliere'.are two ph.ases"dn tiiedifemycl0':-'--“(i)' a multiplicative' phas©' 
wit.biii the" cells .'of ' the gut-epithelium of ' the,'host,:a.n(b(ii)' »■ To- 
'luBdiictive'' phase i,!:e'ad,mg, .after ^ act, to the formation of 


For explanntion of* the ITatcs see p. 090. 
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towards the mjicroga, metes. The microgaiiietes swaiaii round the 
iiiicropjdeof the macrogamete (PI. LYII. lig. 47'*) and several have 
been >seeii trying to enter it simultaneousljo The iiucleiis (jf tlie 
macrogamete tiavels npwa,rds nearer the iniciepyle, and be£oi*e 
long, one iiiici-ogtuiiete effects an entry (hg, 47 *"), appears to boie 
■ its way into the female, reach the nucleus and finally be lost to 
view. The maci’ogamete secietes a plug of protoplasm across the 
inieropyle, whereby other microganietes are excluded, and tlie 
iiidividuals tliiis shut out degenerate (fig. 48), >Siicii is the process 
of conjugation as seen in the living organism, and the evidence 
of stained preparations is fully confirmatory of what In^s Just 
: been desci-iljed. 

Owing to the pi/esence of granules in the niacrogamete it is 
extremely difficidt to follow the subsecpient stages of fertilisation. 
Occasionally tlieie are indications of a fertilisation spindle 
(figs. 50, 51), hut the nature of the material frequently precluded 
observation of tlie same. 

The term ‘vferfciiisation spindle'' is not exactly a happy one, 
for the object of that structure is the intimate iiitermingling of 
the chromatin of the uniting gametes, 

^ (e) SpO)'ogon}j. 

After the micTogamete has reaelied the nucleus of the macro- 
I gamete, fusion occurs and a xygote is produced. The contents of 
the zygote at first' fill the oval ..oocyst (PI. LYII. figs, 49-52) 'but " 
gra, dually T'liey shrink away 'from .the poles f. . Tiie oocyst ' itself 
may increase slightly in size during the concentration of its 
contents, which ultimately form a globular mass, consisting of 
cjtoplasni rich in fatty matters, within which is a nucleus, usually 
.ceiitrally placed. 

The nucleus of the zygote proceeds to divide directly first into 
two (figs. 53, 56) and then into four (fig. 54), the divisions follow- 
ing ' one a,noti’iei‘ veiy rapidly.- The -granular' piotoplasm- segments 
around the rmelei, and four sporoblasts (fig. 57) are produced, 
■■'.eacb 'sporobkst Separating from its neighbours as a sm'all, rounded 
body- (figs.; 55-57}.. Occa.sionallj oocysts- eontai'ning two . ovoid ' 
masses of prot-oplas'in ,'(fig. 82.) ni'e -seen, but a.s a- rule the form' 
eont'ai'ni,i',).g '4*oi,ir sporoblasts is. the... one-..fouiid, the fo'ur spo'robla-sts 
.being, formed almost coneanTently. .Tlie sporoblasts- become ovoid 
(PL- LYII, fig.^ 58 r H.'LYIII. fig."-68).and ■ each gmdualiy secretes, 
:-,,a- to-ugh., chitinoid sporocyst'j -usually. difierentiated .as' e'pisporemnd, 

, -endospore,' and so. becomes.: -.a ; firm, resisbint spore (PL LYIII. 
figs.^71-76). A minute amount of the cytoplasm of the zygote is 
nob used in spoie form'ation,' '-'but, remains witlim the zygote as 
siiiall cystal residuum. .. -- 

The sporocysts contiu’ue within the oocysts for some time, 

^ vStM^ at'O PI LXf L tig. 3 of my paper on Espedmental Coecidiosfs (this Jonrafi). 

t In soait- casei the zygote eoutcpts of tbe oocyst may ,be slightly umm- one pole 

'.--.'tlian- tlie; other. 
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during ■\vliicli pei'iod ejicli sporocyst iitidergoes fl(n'‘t'*l(vpi'i:uu'd''r,l 
cliiinges, leading to the production, of {'ictvively motile^ S|)(,)ro~ 
zoites. The coiiteiits of the spore at iirst {xre ,]i.<:>niogojjeoiis 
(Pi. LYIII. figs. 68~r0), but g.radually two refine, ijilc IxMlies oi* 
vacuoles appear at either end (fig, 73), and the pi'nto|)la,.stii 
gradually concentrates into two masses, just internal to ea,(‘h 
vacuole.* The nucleus is at first central, but divides into two, 
and the halves migrate to the opposite poles of tlie spoi‘o(‘yst> 
(PL LYII. fig. 58). The protoplasmic masses gradually disjilaee 
the polar vesicles, so that the two vacuoles move .towards the 
centre and coalesce (PL LYIII. fig. 73), leaving nearly all tlie 
protoplasm of the sporocyst in two masses, one at eacli end 
(fig, 71). Each of the protoplasmic masses gradually liecomes 
vermiform, extending along one edge of the spore (figs. 71, 72). 
Two vermiform sporozoites are thus formed (figs. 72, 74), some- 
times with their more rounded ends placed at opposite ends of 
the sporocyst (tdte-b^che) (figs. 72, 74, 75), sometimes witli tlie 
slightly swollen ends side by side (Pi. LYII. fig. 51V PI. LYIII. 
fig. 76), tlie sporozoites being capable of movement with in tlie 
spore just previous to their escapxe. There is a sliglit sporal 
I'esidiium. 

The sporocysts wdien quite lipe tend to become more pointed 
at 'one, end (PL LYII. fig. fi'O,... PL LYIII. figs. 71, 75, 76), 
where a slight thickening or small Stiedals plate (fig, 71) may 
appear, which is a point of weakness, for here a rupture rna.y 
occur under the action of the digestive juices of the fresh host, 
forming a sort of mieropyle through which the sporozoites escape. 
Partially rupitured sporocysts are sometimes found (PL LYII. 
figs, 59, 60). In the case of grouse chicks dying froin acaito 
coccidiosis, ripe sporocysts have been found in the cmcal walls 
themselves, urn well as in the cjneal contents, though iistmlly 
mature spiorocysts are found in. etecal tlropipings , that liave been: 
exposed,. , 

' ,The oocysts of Eimerm avium show a fair amount of variation 
among themselves. Usually the oocysts are oval (PL .LViH, 
figs. 65-68, 71, 72, 77, 78), actuallj measured spcmhmms \'a,rying 
,'irom 25p.to, ,.35p. in length. 'and from- lip, to 20g in hreadtliV 
Somc4im.es, tile' odcysts.nre not' oval ' hut subspherical (fig. 70), and, 
these 'are from IB p to 20'-g in diametexx , Bomewliat pyidform or,'' 
egg-shaped .oocysts , (fig. ,6,9) are intermediate i'li .size between ' tlnv 
oval' and siibspherical forms. . . 'Morse :.( .1908),, noted, /the, occurrence 
'of. bo,th. round and, oval- oocysts when in vestigat in g' white ■ diiorlima. 
of 'fowls,' in.';Which 'Coccidiosis ,pla.yecl....an- important part,. 

: .Among, the , '.oocysts of '.'.A'L/.csjrfom, '.certain ^vith 

.' somewhat,- ''S.q'iiarish ends'. „'(fig.. ■ 78) while , ',others liad a slight 
depression at the apex (fig. 79), hut their development was 
identical with that of the more common forms. (h^Ciisionaliy, 
oocysts with two sporocysts only (figs. 81, 82) were found, hut 
these were abnormal forms, as was rilso a paihsite (fig. 83) in 
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which tiie cytopltism extended in a cone or funnel dike fusliiori to 
the edge of the oocyst. 

The size and shape of the oocysts ai’e large!}" a factor of tiie 
spa-ce in wjiicli the inacrogamete develops and the anioiint of food 
availa.ble thr the parasite. When there are many Eiiwma present 
in any particiih;ir region of the gut, the oocysts |:>roc!iiC€M:l are 
relatively small, while where abundance of space and noiirisliment 
are available, the oocysts tend to be large. 

From experiments nnade by feeding birds with Coccidiaii 
oocysts, I conclude that schizogony takes from four to five days. 
Uninncleate oocysts mature their sporocysts in two to three days. 
The petiod for the total life-history of the parasite would be from 
eight to ten days. 

The larva? and imagines of ScatopJiaga stercoi'arm^ the dung- fly, 
ingest the oocysts of if. along with the grouse feces. Tiie 

oocysts pass thi*ongh the bodies of the lai*vae uninjured, and are 
scattered with the excrement, thus serving to disperse the spores 
to some extent. 


V. Summary of the Life- History of Eimerja mium, 

Tiie life cycle of Elmeria avium is complicated, even though 
thcj organism completes its development within one host. The 
life-history may be represented diagrammatieally as in text- 
fig, 65, A-T (p. 684). Beginning as a sporozoite (PI. LY. fig. 2 ; 
text-fig. 65, A) liberated by the action of the pancreatic juice of 
the grouse, the parasite rapidly penetrates an epithelial cell of the 
duodenum (text-fig. 65, B), and, entering the cell, I'oimds up 
(text-fig. 65, 0) and becomes a. passive growing trophozoite 
(PI. LV. figs, 3-7 ; text-fig. 65, D). After a period of rapid 
growth, during which time the trophozoite (figs. 8-11) practically 
destroys the cell harbouring it, the parasite enters upon an 
asexual, multiplicative phase termed schizogony. 

' .The' schizont' 'is at first: imiiiucleate-' (fig. 12; text-fig. 65,. B) 
but thO' nucleus, soon fragmeBts.(figs. 3 2,, 13), .the'' daughter iiucdei 
migrate to the per,iphery,(figs.. 14-.16 ;. text-fi'g. 65, ,E),,eyto,plasm 
segregates arot.nid ,each. (text-fig. 65, F),, and the daiigliter ' forms 
thus produced ■ become ■ meridionally ariangecl, ■ like . the'' segme'u t's of' 
au'orange. 'the arrangement of the inerozoites being 'ien barillet ” 
'(PL 'LYl'figs. 17-22, PI. LYI., figs. 23-25 text-fig.' 65, G). ' 

' ,'Each, merozoite is' a small,:, vermicular organis!!!, ' having a 
nucleus with, a'' 'Somewhat ''.''.ill-defined karyosome uisimlly to,' one 
side (fig.' 24)...,'. The gro,upS''Of;in6rozoites break up (text-fig. ',6'5,'H),'' 
and. the .Tree germs, ' seek -.'.o-ut' '.and .- enter an., h.ith'e.rto' uninfected 
ceil' where 'th'O parasite.''.again.'.assumes' the -trophic: phase and then 
'Undergoes "'.division as.' before. ■■■' Several successive generations of 
'scliizonts'' and' ,m'er'ozo'iteS''''are'','.thuS'':,'prGduce(], resulting in a great 
destruction,' of Abe' 'gut epitheliimi of the' host. Finally a limit is 
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Text-fig. 65. 



Diag-B AM of Life^cycle of MimeHci CCoccidium) a Hum, 

B'-H represent Scliizogony. I-B, 'G-ametogony. ' N-T, Sporogoriy., 
Epitbelial bost-ct41s diagrammaticall}'' ontliiied^^ 


A. Sporozoite wbieh peiietrates epitbelial E. Schizont with iinmerons daughter 

cell oi’ the (luoilcnmii of the host.: imclei peripherally arrauged, diHer- 

B. Sporozoite curving on itself . before ' ^ . mjtiatiiig to fonn uiero/,oit<.*s (seen in 
]»eeoiniijg rountlctl within the ho'st /tramverse section),:,' 

, ",celL, ; , F. Sehizonfc showing further diiferentia» 

C‘. Young, iiniimchpafce trot>hozoite. ^ tion'^ of racrozoites (seen in oblique 
I>. Fully grown trophoziute' or .. uni-' sectionh' 
imdoate schizont. 
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.rei'icln?!.! to tlie abilit^' of t!ie host to provide a-iid to 

tlie riiiiltipiicjitive powers of the parasite, and' this resi'ilts in the 
onset o'f sexual (lifferentiation. Gametogoiiy may occur botii in 
the diiodeiiuin and ejBcum. 

Gei’ta.iii schizonts heeonie considei‘al>ly modified i’o one of two 
directions. In the first case, food-ma.terinl acciiiniilates, and a 
large, 'iiriiniicleate food-laden form is produced (figs. 26-30). 
This is the iiiacrogametocyte (text-fig. 65, 1 9 ), destined to gire 
rise to a single macrogamete (text-fig. 65, J 2). In the second, 
instance (text-tig. 65, I d ), nucdear multiplication of a finely 
g.ra.iiiilar' parasite (PI. LTII. fig. 37) occurs, and the many 
iiuiiute nuclei produced reach the peripheiy of the host- cell 
(tigs. 38-42), {iiid ultimately the now niultiiiueleate microga meto- 
eyte (text-fi.g. 65, J d ) gives -rise to a large niiTii],'.)er of small, 
motile niicroga'metes (figs. 43-46 ; text-fi.g. '65, Iv d ). The macro- 
gYimete early on invests itself with a cyst-wall (figs. 35, 36) in 
which a thin pj'irt or mi,cropyle is left for tiie entry of the micro- 
gamete (figs. 47, 48; text-fig. 65, K. 2 ). This oocyst- 'wall is 
formed while tlie parasite is within tlie epitheiiiini. 

Fertilisation (figs.' 47, 48; text-fig. 65, L) occurs — the process 


Explanation of Text-fig, 65 continued (see opposite). 


th M'erozoittis {irnmgC'd “en hai’iUet,” j M. 
iibout to isf^iuo tVovu host cell. .At| 
one end of tin? cluster residual proto- j 
plasm is seen, 

IT. Free nmrozoites, ouch with a small | 

, karyosowe. | N. 

f* . Young miu,;roganietocyte' with | 
ihrounitoid gnumles. 


lA 


(J . Young mierogametocyte with 


li lie granulations, I 0. 

f , MacrogaTuete with round nucleus 
and tdirmnatoid grainiles dis- 
tributed tbrougli the cyto- 
plasm. 

,J.-i ct, Micrngametocyte with nucleus 
divided to form a large iiumher 
of bold nMl-like portions, the 
future mlcrj)g{imetes. , .Remains 
of karyosome seen m centre. 

'A .tlat'rogaiuetG showing iilastinoid j R. 
granules, the cliromatoid gran- 
' uleS' .being largely yised ,iip .:iu 
forming tlie wall wifcTi which the 
■ rmicrogamet'eT.ias invested itself, 
till-' remaining chroniatoid gran- 
ules being arranged between the 
plastinoid granules. 

M ierogametocyte with manj bi- 
flagel late m iciaigametes about to 
separate from it, Karyosome 
left at the centre. 

L. ITertilisation. (hie microgametc is | T.. 
Ijcnetruting the macrogamete, wdiilei 
otlmr male cidls are in'fir the niicro- 
]>yle but will be exchuh'd. 
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.Fertilisation. The male promicleiis 
which entered throiigh a micrupyle is 
h'ing above the female cliromatin. 
Degeneniting niicrogametes are 
sliown f,nitsi(ie the oikw.st. 

Oocyst (encysted xygote) with proto- 
plasmic contents tilling it coiupletely. 
.Nucleus w.ith signs of fertilisation 
spindle. 

Oixyst With contents concentrated, 
forming a central, , sphericuT mass '' 
which has a vacuole in the iniibUc 
ami the nucleus to one side. Many 
such' cysts ' '..seen i.n ,, infected ca*cal 
droppings. 

Oocyst, with four luiclei. ■ 

Obi.'yst witli contents segmented to 
'form' four rounded 'S])urob lasts ' (aS' 
seeii in- Iresh preparations). ' ' 

'Oocyst, with four sporoldasts win'clt ', 
luive .'grown oval and are becoming 
sj)orocysts ; the .smal 1 cy stal resii ! mxm 
.''seen to one side.,"' 

Oocyst' witli ■four 'sporoev'sts in each 
of which two s))oro7.oites are dif- 
ferentiated, I’he oiicyst in this 
condition ultimately opens, liberating 
the sporocysts, the upper one of 
which is seen about to is'sue from the 
■,, 0 (k!yst. Slight cystal re.sicluum. "'■' 
Sporal residuum in laich sporocyst. 
Bporocyst which has issued from 
oocyst. Two sporozoites are within 
it and, have assumed tlie position 
')mbst'.'SuHiihh!“' hi*' C'sh.wg©.n«fri-; -■ ■'' ■: ''.'^8' ''' 
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iias been watched in life — and tlie micropjle is tlien closed 
(figs. 49-51 ; text-fig. 65, M). The fertilised oocyst (text-fig. 65, .N') 
then passes into the lumen of the gut and is voided with the fences 
of the grouse. The further development of tlie oocyst largely 
depends on climatic conditions. Under the influence of waiiiitli 
and moisture, the contents of the oval oocyst (PL L\^1I. fig. 52^ 
PL LYIII. figs. 61, 62, 64) shrink away from the poles a.ud 
become a rounded, central mass (figs. 65, 77, 78 ; text-fig. 65, 0). 
The nucleus rapidly divides into two (PL L YII. fig. 56), then four 
(fig. 54 ; text-fig. 65, P) ; eacli nucleus ha,s protoplasm segregate 
around it (figs. 55, 67,. 70 ; text-fig. 65, Q), a wall is secreted, and. 
the net result is that four sporocysts (figs. 58, 71-76; text- 
fig. 65, R) are produced within the oocyst. Within each 
sporocyst, two sporozoites gradually difi:erentiate (figs. 58-60, 
71-76; text-fig. 65, S), and when the sporocyst (text-fig. 65, T) 
is ingested by a new host, the sporozoites (;*.reep out of the 
sporocyst softened by the pancreatic juice of the new liost and 
proceed to attack the epitbeiiinn of the gut, producing therel>y 
the primary infection of the bird.* 

The main differences between Eimeria mkmi (Silvestrini and 
Rivolta.) and E. sckiihergi (Bchaudinn) may be briefly smu» 
inarised : — 

L E, avium is smaller than E, schuhergi. 

2. The inerozoites of E. mmim are ari’anged ‘ en barillet/ 

those of E. schubergi ^en rosace.’ 

3. Precocious encjstxiieiit oi E, atnnm occurs before fertili- 

sation. This is not the case with /i!'. 

4. Fertilisation in E. aviurn h niicropylar ; in EJ, sckuhergi 

a cone of reception is formed by the iiiacrogamete. 

5. The macrogamete of E. aviimi contains much moi'e dee|>ly 

staining reserve food-material than tluit of E. s(MiEerg% 

thereby increasing the difficulty of niiimte exaniinatiou 

of the pa,rasite. 

6. The cysts of ,/Y avium are. oval, those of E, s(Em>hergi are 

.'round, 

' VI. The Effect OF ON THE Host.' 

The effect of coccidiosis on the grouse may now consith^red 
hriefiy, fuller details regarding the symptoiiis of the dis(Has(^ iuid 
its'' eftects .being, .given, .in .. my paper relating' to experijuontai.^ 
coccidiosis (P, Z.'.S. Y 910,', pp. 708-722)., ' 

' Extmmal'^ effects —The- chief . -external 'evidence',of.'coecidio,si's'is'' 
the pale colour and great fiuidity of the cjccal (soft) droppings of 
the grouse, the pale tint being due to myriads of oocysts 5 in<l the 
condition being that of diarrhoea. Sportsmen {iml kei^peivs Imvo 
noted diaiThm^^^^ of ^‘grouse disease.” A similar 

disease in fowls is known among poultry-men aa “white 
diarrhcea.” As the Goccidian parasites cause great denudation 
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of tlie iiifce.stinal epitlielium, cligestiYe rleraiigemeiits are brought 
about, avid consequent on this, malnutrition occurs and the bird 
becomes very emaciated and ‘‘ anseniic.’' Feathering also is poi3r 
and ragged, leg weakness is fairly common, and a peculiar bluish 
tint is sonietinies seen at the cere, ears and other parts. 


Blstribution and Effects on Internal Orga.ns. 

Eimeria avium appears to be purely a parasite of the gut of 
the grouse and does not affect such gut diverticula as the liver. 
The crop and gizzard of infected birds are rarely parasitised, 
though they may contain oocysts in the condition in which they 
have been ingested witli food. Exa.ininatioii of the diiotieniioi 
shows that the sporocysts ingested with the food are. attacked by 
the pancreatic juice (as I have proved by pancreitic digestion 
experiments, using both natural pancreatic juice iind trypsin), 
and the sporozoites are set free. These invade the tissue of the 
duodenum, rapidly become sehizonts and multiply, the result 
being that the duodenum is often riddled by the parasites, 
and coiise[|iieiitly inflamed. Both the villi and the crypts of 
Lieberkiihii are attacked, and the parasites have also been found, 
though much more rarely, in the submucosa. Great hypertropliy 
followed by atrophy of the epithelial host cell occurs, and the 
tissue attacked is often reduced to a finely granular, structureless 
mass. Desquamation of the gut is common, and epithelium 
containing various developmental stages of the parasite can he 
found floating free in the gut contents. 

Some of the merozoites formed in the duodenum pass down 
the gut, reach tlie eieca and re~comnience their life cycle there. 
Active schizogony and’ sporogony go on in the caeca chiefly in 
the epithelium, very rarely in the submucosa. Often the 
ca3ca are as , heavily parasitised' as the duodenum, whole areas, 
being completely denuded of the epitheliuin, espechdly when 
„ the ' fertilised oocysts pass ' outwards , into, the cmcal, co'nterits- 
The walls of the cfeca are often rendered very thin and 
tender by the action, direct: and indirect, of the parasite. Ripe 
,mdcyvsts '' ajid spoincysts occur "Tii the,, lumen, of the cmca 'of dying, 
', chicks.' ,, ■ " ■ 

Pod wyssozki (1890) stated that he found Coceidian odejsfcs in 
the vitelius.of „eggs of fowds, especially 'in, summer., ',-He considered 
it,,.' possible'' that, the cysts were derived ff,rom Coceidia, in the 
',oviduct of The ',mot,lier, ,or perhaps 'from intestinal Goccidia, whi'cli; 
,,had 'ascended' ,b 3 r"w'ay’ of the cloaca..' ■ 'I, think t'.hat .cloacal, con-' 
'tamination '’v#is |he ,more,'p,robable,..for Ihave never;seen: Coccidia 
in, the genitalia'of adult grouse examinecL 

A reflex of coccidiosis is seen in the blood of infected birds, 
where polymorphonuclear leucocytosis is induced. 

* Coc'.itiiosis imy sometimes occur along the entire length of the small intestine, 
mimetes may i)e formed far forward,.. in the .duodenum. 

V‘:„ 'A''' 
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Le.sioiis ca. visaed by coccidia. in tlse iiiiieoiis ineiiilTiviiie :rurij 
inimit bacteria- to the' circulation of the host. [Ool:>bett a-iid 
(h-a.bain-Hinitli (1910). pp.'24, 2d]. Kettge-r (1909) Ijelieves tlcit 
"■white diaiTbccad’ of fowls in America is due to a bactcriiari, 
wliile Morse (1908) considers that it is primarily due to coccidiosis. 
Tl'je disi-repaiiCT Ijetweeri the i-esidts of these xlmerica/ii workers 
is tinis capalile of explanation. 


YII. CoxcLUDixG Remarks, 

Jumeria rn'invi of ixroiLse is not 1 ‘estrieted to this particidar 
Idrtl, for In* ‘id ministering heees containing oocysts fioiii diseased, 
grouse to } oiing fowl cliieks and pigeons, I have been aide to 
1 ‘ey produce tliO disease exactly as it occurs in grouse (p. 674). 
M"Fa«lyea],i (1894) found coccidiosis in pheasants, while white 
(li anil tea*’ of fowls has been the sulijeet of mucli inTestigation, 
],,'*articula.r]y lecently in America.-, where I^Ioivse (1968) and Radley 
(1909) have worked on the subject. Morse’s account of pre- 
ventive' ineasures is very good ■ and he also notes coccidiosis in 
inaiiy other birds, but the hgiires of the complete life-cycle of tlie 
parasite are not yet published. Labhe (1896) also has described 
coccidiosis -in -certain ma-rine birds. 

Tiiougli coccieliosis i.s peculiarly fatal to gi'ouse chicks during 
the fiist few weeks of their lives, adult grouse also can liecoine 
infected, for I have examined an adult bird that pi*obal>ly died of 
coccidiosis. Old Ini’ds in the clii‘oiiic condition serve as resei’voirs 
of oocysts and so nia-v form sources of . ne\v- infections on the 
moors. All infected corpses slsoidd be binned, -a, 0i5 buried, 

I may add that, while coriecting the proofs of tins inemoir, I 
ha,v6 been' able to examine pheasant chicks dying fi'om coccidiosis, 
tl'ie bird-s being, obtained ' through the,' courtesy of Drs. Sliipiley 
a-,nd Ilaii'ii)'nji:icl~S,mith from various pu-i-ts ' of - England during J ime 
and July 1910. ' 

. The economic importance of coccidiosis in birds, esjiecijdly in 
the young, is -evident, and I trust that this work, wiiicli to the' 
best of my belief is the first fully iilustrated a.nd detailed life- 
]~iistoi'y of tin tivhm Coecidiam, m'aj ''draw .imu'C a-ttentiou to 
m subject ,bot!,i 'of great ■ scientific interest - and , of practical 
importance. 
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EXPLANATION" OF PLATES lAL-LVill. 

All iigiires cnitliiied witL Alibe-Zeiss camera l-ucida, from stained preparations 
(sections of infected gut) except where otherwise stated. Zeiss 2 min. apodirornatic 
immersion objective and compensating* ocular 8 usually employed. The inug- 
niiicatioii is about liOO diameters, except where indicated ol:bcnvi.se. Ma'iy 
parasites are represented lying in portions ot the degenerating epithelium 
surrounding them. 

PlateLV. 

Fig, L Portion of gut (ciecnm) of infected grouse to show inncons membrane 
riddled with parasites. Many stages in life-history of Eimerm avmm 
shown therein. 

2. Sporozoite from duodenum, showing its trail stained. 

3. Sporozoite penetrating epithelium. 

4. Young ^parasite just entered opithtdimn, by due cbannel which is .still open. 

The eiitermg parasite is by the side of a slightly older (rounded) 
parasite or young trophozoite. 

5. 6, Parasites begmuing to become round. 

7. Sporozoite, curved on itself, preparatory to becoming round. Duodenum. 

, 8. Koimd. young parasite, with relatively vesicular nucleus containing 

haryosoine. 

9. Young trophozoite, as yet oval in shape, lying in relatively large space in 
the gut-wall. 

10, 11. Komid tropbozoite.s, with large nuclei each containing a baryosome. 
Large space surrounding parasite shown in fig. 11. 

12. {a) Uninucleate, full-grown trophozoite, becoming a schizont. 

(Y) Scliizmit in which imcleus is dividing. Duodenum. 

13. Schizont in process of nuclear fragmentation. 

14. 15, 16, 17. Schizonts containing many nuclei which go to the periphery ot 

the cell. Very small karyosome difiercntiating to one side in each 
daughter nucleus. 

18,19. Developing inerozoites. 

30-22. Yrerozoites arran^ng themselves “ en barillet,” with residual pi*otoplasm 
in middle or to one end. 

Several smaller and younger parasites showm In* the side of the “ bavillet ’’ 
in fig. 22. ■ ^ 

Plate LVL 

Fig. 23, 24. Groups of merozoites, beginning to separate. 

Fig. 23 magnification 1400. Tig. 24 magnification 1600, 

2f5, Small^ scbizont, containing five young merozoites— seen in cross-section. 

. Cfficum. ■ ■ * . 

26. Mncrogametceyte, with granules, of reserve food-material. 

27, 28, .Y'oung inacrogametocytes. 

20, Loiigifcudinol section of macrogamete, stained with DelafiehPs hfcmatorcylin, 
showing deeply staining chromatoid gramdes, a lew of which are 
surrounded by clearer areas of plastiiL 

30. Transverse section of older macrogamete, stained with iron hicmatoxylin 
and piero-fuchsin, with cyst just formed. Plastinoid granules well 
defined; ebromatoid granules (largely used m cyst formation) small 
and in between the plastinoid granules. 

■' 31, 32." Macrogametes, in section, as stained,; by, Delafield’s ,„hiBinatoxylin. 
Chroumtoid and plastinoid granules alternating. Pkstinoid gTauuIcH 
do not stain iyith hffiraatoxyliu. X 1600. 

Young macrogametocytes seen iu the vicinity. 

: ' ;33,,34. 'Macrogametes 'W-ith. chroiriiatoid.and plastiuoid , .granules, after careful 
■ staining; with; iron ha'Hiatoxylm 'and. piero-fuchsin. ■, hi fig. '34. 
chromatoid granules are seen passing to the periphery, to form the 
inner wall of the mature macrogamete. 

■ 35,36. Mature macrogametes.'^ Bemains of'ctematoid 'granules' seen attached 
to inner vvall'of, Cyst.' . 
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Plate LVir, 

Fig*. 37. M icrogaraetocyte ov male mother cell, 

38-4*0. Xiiclear fragmentation of microgametocyte. In fig. 38 remains of 
parent karyosome seen. In fig, 40 young inicrogainetes arranged 
along meridians. 

41, 42. Young microga metes at periphery of mother cell.* 

43-45. Separation of the clusters of microgametes. 

46. Free inicroganietes. 

47. Fertilisation. One raicrogamete has gained access to the female, pronucknis. 

The niicropyle has closed, and the microgametes left outside will 
degenerate. 

48. Fertilised oocyst. Zygote nucleus beginning to form a fertilisation spindle. 

liemains of microgametes on outside of cyst. 

49. Zygote in oocyst just after fertilisation. 

50. 51. Show “fertilisation spindle’' — not very clearly differentiated in lUrmeria 

avium. 

52, 53. Longitudinal and transverse sections of oocysts, containing rather a 
large amount of reserve material-— as judged by staining (hfematoxyliii ). 
In fig. 53 the z^-gote nucleus shovv.s signs of dividing. 

54. Oocyst with four nuclei, one ready for each s})orol>last. Safranin, Liclitgriin. 

55. Small oocyst with four round sporohlasts. Paracannine. 

56. Oocyst, showing segmentation into four s])oroblasts. From lumen of ciecum 

of dying' grouse chick, 

57. Oocyst, until four ovoid sporocysts, and cystal residuum, containing minute 

dot of chromatin (? remains of karyosorae of inacrogamete). Cut 
obliquely. 

58. Oocysts with four sporocysts showing commencement of difierentiation 

(polar separation of nuclei) into sporozoites. Paracannine. 

59. 60. Sporocysts, each with two sporozoites. Dehiscence represented in fig. 60. 


Plate LVIII. 

Mostly from fresh preparations. X 1000. 

Fig. 61. Zygote nearly filling oocyst. Culture of cieeal contents of grouse containing 
such oocysts made and examined for four days suhsequently. 

62, 63, 64, 6t>. Development at beginning of second day. 

65. Cj'St uninucleate, such as is frequently seen in fresh faces. 

67. Oocyst with four sporohlasts, as seen at end of second day, and on third day, 

68. Oocyst with four ovoid sporohlasts, as .seen in cultures on the third day. 

68-70. illustrate three common forms of oocyst of arLow— -oval, egg-shaped, 

and rounded. There is variation among the oocysts. 

71. Oocyst with four sporocysts, in each of which sporozoites are difierentiating, 

72. Oocyst with four sporocysts, nearly ripe, each containing two sporozoites. 

From partially dried ca?cid droppings, taken from grouse moor. 

73. .Ripe oocyst dehiscing — one sporocyst outside, with .sporozoite nuclei at 

poles, and central vacuole. Sporocyst inside oocyst shows polar 
,, vacuoles. , ■ " * ■ 

74. Free sporocyst, from faices. Sporocyst contains two sporozoites, arranged 

“ yte beche,” and sporal residuum. 

Y5, 76. Sporocysts, each wot h tw'o sporozoites.,'- 
77. Oocyst, commonly occuiTing in fresh droppings. 

'■ 78. Oocyst 'with somewhat square ends. ■ ■ f.. ■ 

79. Oocyst with depression (thin place in cyst-wall) at one end, 

,, 8tl' Zygo te; in ''o-ocyst'— zygote- nucleus dividing into' two., stained preparation, 
bl. Oocyst containing two precociously separated sporohlasts. There should 
be, normally, four sporohlasts. .Frpbably the oocyst represented will 
degenerate., Btained preparation. 

'82, Oocyst with -two, sporohlasts., V'dry few of these seen. Possibly abnormal. 

The four sporohlasts should he /fonned almost concurrently iu the 
'"normal,- -cyst.',' L ' 

83. Oocyst showing protoplasmic contents in form of cone-like projeriion 
attached at one point to the cyst. Development retarded, after 
keeping three weeks in water. ^ 
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Introduction. 

In the following pa, per are recoia.led ,, observations, made on , the 
various': par a,sitic Protozoa, found in Grouse examined in coi in ec tilin' 
/witrli tlie .Grouse ■ Disease, Inquiry. : The observations ' were, ' bt"- 
fo,ree of' cdrcnrnstances,', limited Mo 'one season, 'aiu'I sotlie accounts 
of' ..some, of y the para,sites , 'are' .consequently incomplete. ' The 
parasitic ' Protozoon of''' greatest, .econo'm'ic' in]po,rtance,' ''a'lnl' ' tc,) 
wdiicl'i most'atte'ntion .had to 'be devoted'', '.'is (Goccidkmn) 

ariwci,' which is the pathogenic agent' of' a. fatal .'disease in grouse* 
-chicks., particularly .prevalent in 'the.., spring and' early , summer. 
:The'',' 'inO'rphology nnd life-histoiy ,';Qf Mmeria avitimj an'd',Ahe 
..results- ''of,' .experimental/ studies 'on - avian '.coceidio.sis are': set 

* For e.xphinatiou of the Plates see p. 707. 
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1010. 1 PAUASITIC PIIOTOZOA OF RP1> GIUVr^E, GlOl 

fortli l)y Bie in two otlier memoirs ''0 The rei'nn.iuiii'i’ Protozoo: 
found ill gi‘Oiise maw be coiiveiiiently divided, into {j/j |)arji.sifc(‘s 
of the blood of tlie 'bird, (/I) parasites of the alimentary tract of 
the grouse. So far I have found seven Protf»Z!'?a parasitic in 
grouse, excli'isi’sW^. of the Coccidmm already i.nentioiied. 

(A) PARASIl'ES FOUND IN THE DLOOD OF GROUSE. 

Sporozoa— H^iiiosporiciia. 

1. ,Z/;rLAoeo'To;^omv 7.0 ivi 77 Bel igmann A Samboii. 1 907. 

(Plates LIX., LX. hgs. 1-280 ■ 

(a) Introdi/ctori/. 

This parasite was {lisc(.)vered in 1907 h\mSeIigmann and SaiulK'ui 
in lilGoiUfilirs of grouse. It was found in one l>irtl .not sutFei'irig 
from '‘grouse-disease.’’ Sainbon (1908-9) refers agtiin to the 
[iarasite, and states tl.iat he found it in five mo.re grouse. Sarnboii 
gi\'es tive drawings of the parasite. 

Personally, I found this pa.rasite in 1909 in three gTOusOj all of 
wiiich were in splendid condition, tljoi.igli in one case tiie s[deeu 
was found to he slightly enlarged. Tiie parasites were in lao case 
inline, rous. and in one bird only tlie younger stages of the pain- 
site were seen. However, in the two remai.ning biivls I liarl the 
good fortune to find the parasites alive in peripheral blood ami in 
heart- blood taken from birds freshly killed. Observations were 
made on tlie living .parasites, botli ■iiusta.iiied and after colouiang 
them iiitra with methylene blue (PI. LX. figs. 17-22). 

The pai-asites were also seen while making blood -coiints of the 
avian liosts, when the Leucocytozom stained vitam witii tlie 
luetliyl- violet of Toisou’s iiuid. 

(b) The Eekit Ion of the Parasite to 

The nature of the liost-cell is eontroversial, soiiie authorities 
considering that, it is an-eiythrobla-st, others that it is a leucocyte, 
wluie the views of some mf the observers liave clmnged during the 
cjourse of their investigations. ^ The host-cell clearly, 'does not 
co.!;itain haunoglo'bin, and, no melanin pigment is.excreted by tlie 
para.site.' .The , host- cell is .at first 'round or ovoid,' co.ritaining a 
rnther broad iimU well-marked ..nudeuSj.and:, so tlie liost.-'cell must 
'l'.>e either, a mononixcl.ear leucocyte, .or ..an erythroblast. INissihly 
lioth , these ; types of ..’cells ’ may. he infected. The ' nature of tlie 
host-cell is inhe.x‘ently difiiciilt to determine in view of the fact 
that all tlie blood-cells of birds nucleated. Judging by t lie 
size' of the nucleus of the ho’st-cell.(PL LIX. fi..gs.' 1-3), I incline to 
tlie.'View^ that it.'is sniall 'inononiiclear .leucocyte or potentially 
such . ■ .Other '.'workers ■' hawe- 'acknowledged., the ’ '" resem biance of 
the host-cell to a mononuclear leucocyte. However, the matter 
can only be definitely settled by researches on the origin and 

P. 2. 8. 1910, rp, 672-691 md 708-722. 
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eitlier tlie parasite iindergoes n iiiiutiplicative stage in some internal 
orga.ii (tlioiigli it is stated that tlie inteiaial oi'gans of tlie fowls 
were examined), oi‘ a latent pliase without increase in iiumlmrs ot 
the parasite occurs^ or else a re-infection of the host ta.kes |4ace. 
I have found schizogony of L. locati (see next section) in the spleen 
of the host, but so far -neitl'ier time nor inaterial lia-ve b(ani 
availalale for my observing any, possible periodicity in the ganieto- 
cytes of Z. though such may occur. 

Ga-inetocytes were found to .he rare in the iieriplieral l:doo<l, 
more niiiiierous in heart- blood, and were also seen in sineMii'S of 
idle liver and spleen of infected grouse. 


(d) Schizogony, 

Schizogony in the avian Leucoeytozoa. lias not lieeii recoi-ded 
liefore. However, in iny investigations of L. lomti, 1 ha\"e 
succeeded in linding scliizonts of tin's Leucocvdjozoon in tlie spleen 
of two infected birds (Pi. LX. figs. 23-28). I saw living 
Leucoeytozoa in the heart-blood of tliese liirds. and iinmediat,ely 
ina,de fresb smears of the internal organs. In the spleen 
were found rounded or ovoid bodies — the scliizonts — with tliiii 
walls, coloured i-ed with Gieinsa’s stain. These scliizonts 
contained man}- merozoites (hgs. 25, 26). The capsules of the 
scliizonts a.i'e probably formed, at least in part, by tlie remains of 
the host-cell {fig. 26). The protoplasni of the schizont iippeared to 
be sliglitly granular (fig. 26). Some of the scliizonts already con- 
taiiied a fewmiclei in process of multiplication by amitotic binary 
fissions (figs. .23, 24), ■while' other scliizonts contained' small veiv, 
miciilar mei-ozoites (figs. 25, 26) which itltimatel}^ escape from the 
inotlier cell (fig, 26) and may be found free in spleen smears 
(figs. 27, 28), when tJieiv mode of origin and general appearance 
iii'e eleaidy grasped. A small amount of i-esidiial protoplasni is 
left behind in tlie tliin menibranous renmins of the schizont 
wiii'ch lias just slied its meritzoites. The sehizonts 'a.re from 11, y 
to 14g by 8 g, to 1] g, and the merozoites are about 7 g in length. 

The birrls whose spleens contained sehizonts of L. lomti were 
not infected' with uny other limmoprotozoon. 

Preparations made from tlie bone-marrow of infected liirds, 
in", whiclr sclnzogony might also "take , place, ' did not exliiliit 
developmental forms.' ■ 

(e) Conctuding 

. The method whereby Lemocyiozoou UvaM is tra..nsferred from 
grouse to 'groiise Las’ not yet', been .'.shown with certainty. ■ 'The 
vector, 0 '.r second host of probably he found 'in some 

blocxi-siicklBg .insect,; . which . ingests „the. paras'ites' from '.one 
.grouse and'temsfei'S, them to the next, bird., from which" it obtains 
'blood ; or .perhaps theie is 'a ■cycle’.of development of tlie .'piarasitc 
, inside' the A'cthropiod', vector. ■,.■ 

; ■'Tiie ' groiise-liy ..suggests itself as '.a.. 
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likely carrier or secoinl host of Leucoqfts::rjbj^^^ lorati. During my 
iiivestigiitioiis I' have disseei.e<l several hundreds of groiisr-rllit'S. 
Ill the gut contents of a very few of these Hies I found iiiueeiliilai; 
motile vermicides, wliich migy have been stages in the life'Cyele 
of L. lorati or perhaps of llaonoproteus niansoai. In the gronse- 
liies dissected I never found cysts, such as occur in tlie stomachs 
of mosquitoes wideh have fed previous.i.y on blood infected with 
mala, rial |:,»ara,sites. 

As beforemientioned {f,^%?i) Leuccscytozodii lotafy as it. lias 
Ijeeii found to oeeiir in grouse on tiie moors, does not a]>|')ear to lie 
a serious agent of disease, ■ 

}ljAMOPROTEr)i .¥..:,1A'S'0A7 Samlioii, 1908. 

(Plate LX. figs. 41-42.) 

Tills parasite of the red hlood corpuscles of grouse was recorded 
liy Saiubon in 1908, thougli I am not awjire that he lias yet 
piililished a description or figures"-' of tlie parasite. 

In blood-films sent to me from Scotland and taken from two 
grouse, I found, after staining, a few parasites inside the red 
blood coi'piiscles. Two examples of the organi.sm are drawn in, 
PL LX. figs. 41, 42.. They a-ppear to be young, forms of tlie 
jiarasite, one of which showed clearly granules of melaiiiii pigment, 
I regret that, owing to lack of- material, I cannot give a fuller 
description of tlie organism. 

It is likely tdiat tliis laeDiosporidiaii is spresid from grouse to 
gTOiise by the grouse-tiy, Oritlihomyia lagopodis^ in the gut of 
which grouse -blood- is found. In tlie-. gut-contents, of ' tlie -fly 
unieellular 'ver.inicules, a-ppare.iitly. protozoid oiganisms, -were 'some-' 
times seeii. Further, Samboii states that “ in the stomach of one 
[gr(.)use-] iiy, 1 discovere<l a few hmmozoin-bearirig protozoa,, wliich 
.we.re no doubt the ookinetes of the M(mnoproiem ^ ' ime’- 

viously found in .the blood of- a ' grouse from ' Scotland ” (Sandxm 
':(i909), p. 37). . 

Spirocli^tacea (Pro-flagellata), 

'SpniOCH'.ETA LAGOPODfS, n. 

'; , -(Hate: LX, -figs. 29--40.) 

When examming the blood of grouse for parasites, I have 
oceasioiially foiiiiil a few small Bpirocluetes exhibiting t‘onsi<lendde 
.iriorplio logical '' variation .-(,P1. .-LX.- figs. '- ,29.-4U).-' As a, Spiroclucte - 
has not been previously recorded from the blood of grouse, I hnve 
named it' Spwochceta lagopodw. '-The Spirocinetes were pi-e^ient in 

* Since writiiii? tlie above ! find tbat.ifig'ures of H<rewoj>r(f.ife«s -wbicb 

I am infonneii are from ori^?imili5 SiUpplied by l.)r, Sanibon---]iuve paldisht-d 
r<:‘centl 5 f in Cu'^tellani and ChalmorK' Afanual of Tropical MedlciueA tip:; on, 
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blood from tlie lieart, lirer and spleen of tJiree birds, but were 
somewhat itire in each case. On one occasion I sa,w the pa,]-M- 
sites in life; the remaiiiing preparations were fixed and coloured 
with Gieinsa’s stain. 

I)i\ Sambon (1909). has noted the presence of an iinna-med 
Bpirochmte ‘On smears fi-om the pulp of young featliers, and not 
ill the general eirciilation ” of grouse. It is possible tln'it Sjnro- 
cfmta, lagopodis and the parasite of featber-piilp may lie identical, 
but as details of the latter pa.rasite are lacking, I cannot establish 
the identity or otherwise. Dr. Sambon also tiuiiks that lice might 
act as alternative hosts for the Spirociuetes. I will i-eturn to 
tlie subject of transmission latei*. 

S, lagopodis is from 10 to 18 p long and is relatively broad 
for this class of organism. In life it moves actively in tlie blood 
of tlie host, spirally boring its way between the corpuscles, 
bt lagopodis also often entwines one part of its body about the 
otlier ( fig. 31). The organism usually has tapering ends (figs. 29- 
401 ^ 

Tliougli the Spirochmte is sniall, stained specimens show a fair 
amount of structural detail. A naiTow undulating membrane 
( figs. 29““36) is present, and passes spirally round the body. The 
fchickeneil border of the membrane stains briglit red with Giemsa’s 
stain (figs. 29-34), and even when the membrane is closely con - 
tiaeted .round the body of the Spirochmte, the border can be 
distinguished as a bright line (figs. 30, 32). 

The c'hroiiiatiii of the >Spiroclnete is distributed in the form of 
l>ars throughout the body (figs. 29-35), and at times these 
chromatin bars become joined and form a lieiicoid core (fig. 36} 
traversing the entire length of the body. Tins latter condition 
is eornpcFiitively rare, A bu.sal granule is present at either end, 
and near the>se granules the membrane is attached. Longitudinal 
division is usually initiated by fission of tlie basal graiuiles. 

Multiplication of S, lagopodis takes place by botii longitudinal 
and transverse division. In longitudinal division rattier thick 
Spiroc’luetes divide (tig. 40), the split extendiug graihuilly from 
one end and the daughter forms diverging more ami more until 
final ' separation occurs., Transverse ' division takes place in 
relatively long organisms (fig. 35) and' two daughter forms are 
produced; The parent organism elongates somewhat during the 
division. Tery mi ante forms (fig. 39) about 4 p long are the 
product of repeated divisions in both directions, Bniall forms 
have 'been /seen ill the, spleeii '(figs., 38, 39).. By referencm to 
■ growth , following, .'division, . all , ' the ■ variations . in "sir.e ' and form 
''■exhibitedd:)y ',bk be explained. 

'Begarding'tbe.'mode-of transmission , of f?, lagopodis, it seems to 
me that the nymphs,, oi Jiwdes richms, sometimes infest : 
grouse, may be'the carriers of the^ Spirocha^tes,' 'for, in the gut, of , 
.'nymphs, of' Ixodes taken 'froni' grouse,"' I .have' fo.und B.piro-' 

■ehaetes which may be S. lagopodis. ■ During my 'investigations, I '.have 
dissected, 'many ' ' Mallophaga., ■ both ' Nmnus camemius , and '^oriiodes ■ , 
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tetraonis, l)ut I'save not fomul 8[)irocli®tes, though the sperixi of the, •'■e 
lice arcf deceptively like Spiroehtetes a.t first sight. Dr. Bamboii 
has suggested that, lice act as 'traiisiTiittei's of the Spirocha^te tlia.t 
he found in feather-pulp. This is possible, and as a matter of fact, 
evidence is acciniiulating an<l tending to show that the carrying 
of (iisea.se in a particula.r .fiost is not restricted to ai\y one species 
of Artliropod, but that several organisms differing in genei*a. as 
well as in species, Tiia,y become active agents in the dissemiiiatioii 
of protozoal parasites. ' ■ 

Among Spirochfetes known from the blood of various birds may 
be meutioiied .Splmckmta f/(dl/marm7i of fowls, S. an senna of 
geese, a.rid a Spirocluete cultivated by Topfer from the blood of 
tdm owl. 

aS’. (piUmarum ls tlie pathogenic agent of a fatal disease in fowls, 
and is spread fi'Oin bird to bird by the tick, Argas persicas. 

S\ kigopodis is much too rare, I think, to be a, serious cause of 
disease in grouse, although leucocytosis was found in a. grouse 
infected with S. lagopodls, in the blood of which bird many 
vacuolated inononiicleai* leucocytes occurred. 

(B) PAIUSITES FOrXn IN THE ALIMENTARY TRACT 
OF GROUSE. 

(a) Flagellata. 

TiUCIJ03I0XAS eberthj, - 
(Plate LXL figs. 43-50.) 

While exanxiniug, on the moors, the c^ecal contents of grouse — 
more especially for Spirochastes- — I have sometimes observed a 
Flagellate Protozoon moving therein. 

The parasite was seen to possess an undulating membrane, t-he 
vilmatioiis of which often regulated the pa, I'asite’s active move-* 
meiits ; at other times fiageiki were seen aiiteiiorly wdiose active 
forward iiiovemeiits dragged the body of tlie organism onwards* 

The striictiire of the parasite is compdex. The organism closely 
..■resembles, both' in size and shape, the parasite described .recently 
(1909) by Martin and Robertson from the aeca of the fowl. The 
flagellate of the fowd,' ■first- seen .by, Eberth in 1862, wa^s- named 
■'Trp'pamsormiAherthi 'hj -Kent Spiroehmta eherihi byW'uhe 

(1906),. 'wdiile- Stein, Leiickart, and. Laveran, and-Mesnil' mo-re- 
con^ectly-.considei-ed it' to be', .a Trichomonas. The nomenclature' 
of '.the parasite is, discussed at -length ;foy Alartin, ancl^ Eobertson 
(1909). ' .These authors, describe .both Trickomoncs and 'Monocen 
commia^H. .forms' as '.well ■ as ' a ■ TrppKmosorna^ and' jffate- that .they 
.^‘ have observed- -some ’cases-.'of which the' most natural explanation 
would "be to regard the..A. and 
0 co.nditions as.- stages. .innne life cycde ; other- 

wise the' pam-sites' '-are distinct and' there' is"a' mixed infection. 

It seems tome that the flagellate which I have seen in the 



c;t‘ciim of grouse is best named IVlchoMOJias ehniild^ tlimigh 
El)ei'tii\s original dgiires piiblishr^d in 18ir3 do not especially 
suggest a typical TAchomoiias. Hoa'ever, tlie soaiewliat peculiar 
shapjcs iigiired l>y Ebertli are p>erhaps due to the fact tluiit the 
(.■organism is eery ea-sily defoiaiied. 

J.ii grouse botJi typical Trichomonas (FI. LXL figs. 43-46) and 
MjyiixHcercoriiorms (fig. 48) forms were seen in life as well as in 
tixed and stained preparations (tised wet witii osinic acid and 
stiiined with Deialieldts laeinatoxylm or Gieinsa’s stain). Tlie 
hxslies of the pa.rasites vary from 8 to 13 p l)y 6 g to 9 p. 

TrkhmiiOiim eberthl possesses tliree flagella disposed around a, 
slight eytostomie depression (figs. 43-45), and arising insitle 
tlie ].>ody close to a chromatin granide, tlie bleplurrojaliist or 
kiiietoiuicleiis. The flagella, are often much entangled. There is 
an uiidulaoing nieinbrane with a flagellar liordler and short free 
flageliimi ; the membrane possesses ^dso a cliromatie base line on 
t-lie liody as seen in some specimens (fl'g. 45). Tliere is also a 
^keletal orga.neiia arising at or close to the blepliaroplast and 
nuiiinig backwards to tlie posterior (noii-flagellai*) end of the 
body, where it may project a little (figs. 43-45). /Tbis stilf 
skeletal rod — which stains blue with ' Gieinsa’s stain— is tlie 
axostyle, A row of granules or blocks may be seen alongside the 
iixostyle and ba,se line of the membrane — better inaiked in some 
speeiiiieiis than others (flgs. 43-45). The nucleus is situated 
rather nearer the flagellar end of the body close beneatli the Ifle- 
|dra.i'opla.sty and is fairly large and more or less spherieaL 
Idiroiiia till granules are seen ■ within, it during the resting ' state,. 
iaid a iiiic|ear niemlirane is present (figs. 43-46), 

Irickornoyias eberthi divides loiigitudinallj. iklthough I ]ia\'e 
carefully searched for dividing forms, I liayeoidy seen them on two 
occfisioiis, aiid then in stained preparations. One of tlie dividing 
Itirins is shoaii in iig, 49, but I had not suflicieiit mi:tteriai to 
ioiiow the details of division. , The process of iliidsion is well 
descrilied by iJobell (1909) for TrichorfWiias haira<'k(mm.^ and by' 
Wenyoii (1907) for 2K iniesimaiis m tlie mouse. 

Encystment'^ of tZV c^erif/crocciirs (flg/50). The 'orga.nisni 
gradually becomes oval in outline, and its . body sulista-uce, con- 
ta^ntrates after gradual absorption of the flagella, undulating 
ittemliiane and axostyle (fl:g. 50). ■ ■ A tliiii .gelatinous cyst is seen' 
ill t'hc specimen drawn (flg. 50). Bound, ca)iitracte(l, iinencystell 
forms were also seen ; these are piaibably resting forms. 

Athignllate,irixigakr,iioimmottle foiins witdi 
are oecasiomdly seen. 'Aimjeboid ■ 'forms are,' I believe, the result 
of 'd(?geiieration. 

Hoiuetimes, in stained smears of. the ctciI contents of grousi; 
containing Tnehomoims, I have seen curious ovoid or !:igure-ol.‘-8 
bo'lies wdiich suggest, niuch'defo'rmed, ■specimens of Trich.o'monat'< in 
wiiich the axostyle acts as a ind around which the flagellar border 

* li. Parisi Iku iTceiitly noted t'acystiiieiit in Trichomonads (Arch, f, Pr<i{ islfui, 

"k.imdc, xix, p. , 
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and strands of tlie membrane are disposed. Borne of these bodies 
are not unlike Ebertli’s original figures (1862). 

M onocermmonm is an ovoid organism possessing four fiagella at 
the broad anterior end of the body (fig. 48) togetiier with a nucleus 
and biepbaropiast. Sometimes one of the fiagella trails backward 
(fig. 47). On one occasion a Monocercomonas form with a suggestion 
of a rudimentary membrane, axostyle and granules was seen 
(fig. 47). If such a parasite be normal and not deformed, then it 
would be an intermediate form between Trichomonas and 
Monocercomonas (cf. Martin and Robertsoids fig. 8). 

(b) SpirochaetaGea (Profiagellata). 

SpJUOC/LETA LOVATf^ sp. 11. 

(Plate LXI. figs. 51-57.) 

"When fresh ctecal contents of certain grouse of various ages 
were examined microscopically, small active organisms have been 
seen, moving among the food debris and flora found in the gut. 
These organisms are Spirochjetes, and their presence in the cyecal 
contents of grouse has also been noticed by Dr. Cohbett in adult 
grouse, and by Dr. Leiper in a young grouse chick. I have 
sometimes observed the Spirochsetes in the hinder part of the 
intestine as well as in the cseca. 

Having had the opportunity of observing this Spirochsete, 
which I have named Spirochceta lovaiU I append a few details 
regarding its life-history and structure. I may say that the 
parasite does not appear to have a very deleterious effect on its 
host. 

The organism, as observed in life, occurs in cajcal contents, 
where it is mingled with semi-fluid food materials, and is often in 
company , with many minute, rod-like bacteria, both free and 
in colonies, and also small hyphal threads, evidently of some 
fungus. Because of its associations, the Spirochsete is by no 
means easy of observation, and much dilution of the csecai contents 
to facilitate observation only hastens the death of the Spirochsete. 
Further, in fixed and stained preparations the Spirochaete itself 
takes up the stain somewhat faintly. 

The movements of the Spirochsete are active and resemble those 
of the Spirochsetes of Lamellibranchs (oysters, fresh-water mussels, 
Tapes) which I have ah'eady described (1907, 1908, 1909), *‘The 
motion appears to be resolvable into at least two components : 
<i) ' An luidulatory 'flexion of the body, mainly’;; 'for progressio'ii,, 
and (ii) a spiral or corkscrew. ; movement of the body as; a "whole, 
due"' to the winding of the membrane.” .S. has:a",,sma!l, but,' 
distinct undulating membrane best seen in stain ed preparations 
(PI. LXI. figs. 51 -r-ST). The ends of the organism are pointed, the 
length of the body being from 16'5 p to 32-5 /n 

In some veiy narrow forms the relatively long body may be 
thrown into nmny waves (fig. 53), but usually four to vseven weaves 
' : PE0C'7'Z00L:''BoC.-^l:9'lff,' XA ;XL^ 
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occur iiIoii£!; tlic body (figs, ol, fi2, do). Thu uiuiiibrario with its 
t‘]ii‘oiua.tie border is often closely contracted against tlur body 
(figs, 53, 55).' Tlie cliroinatiii' of the Spiroeluete Is usually 
present in the foi*iii of a. lunnber of l>ars (tigs. 5i-“57) wliieh are 
probably <lisposed on a. helix as is typical for Spirociaetes. 

After exaaiuiiiug niany spaeitneus of the parasite it wus seen tliat 
S', lovati exliilfits niorpl(ologieal variation. Tims, t(ie ends of 
tlie ]) 0 :ly usually taper (figs. 58-57), but occasiorudly are soim*" 
what 1 ‘oiiude 1 (figs. 51, 52). Also, the »Spirorluetes are of difiereut 
lenu'ths and breavlths, the results of growth aiirl division. 

iMiiltiplieation of ^S'. hvatl by both iongitiulinal and traiisv'erse 
division has been seen in life. Division rtxseinbles that of ' S. re- 
curreni'is ainl S. duttonS where a periodicity in the direction of 
division occurs (fidnithani and Porter, 1909). Broad Bpirocluetes 
(fig. 51) have been seen to divide longitudinally (fig. 56). Longer 
Spiroclnetes (fig. 54) often divide transversely (fig. 57), elongating 
sornewliat as tliej do so. 

The inodes of nndti plication and the processes of growth are of 
tlie utmost importance in elucidating the niorph()h)gical variation 
of Spirochietes. ' — ' 

(c) RMzopoda. 

A jifiaLi {ExTAManuyi^^^^^ 

(Plate LXL figs. 58-65.) 

Li\'ing x\in(ebie were seen by Dr. Shipley (1908-9) in fi'esli 
fieces of grouse, I have, on a few occasions, observed Aniadae 
in the recently voided fieces and in the reetinn and intestine of 
grouse. Tlie living organism was exanuued both with and without 
staining intrar vitcmi, and a few stained prepaivitions wei'e made 
with Belafield’s luBmatoxyliii after fixation witli coriusive-acetic- 
alcohol or osiiiic vapour, but the whole of the nuiterial was very 
scanty. . , , ' L .. 

In structure the Amoeba exhibits ectoplasm and endoplasm 
fairly well differentiated (PL LXI. figs. 58-63). Tlie Aiiuelia. 
moved slowly by sending out pseiidopodia in the manner usual to 
tliese orgarii.sms, the pseudopodia being first cdiiefiy composed of 
„ ectoplasm. _ Very few pseudopodia were sent out at any one time. 

' There :'is a; nearly, central nucleus, often possessing a ' .karyosome.. 
Food va-cuoles containing partially digested food particles a.nd 
bacteria were seeii (fig. 61). The granular endoplasm may contain 
' a vacuole (figs., ;58, 59). ■ ■ 

Ainmboid organisms, from the irregularity of their sliape, ate 
yiiot easy to measure,, precisely. ' -More orTess, rounded forms 'may 
. measure 60 jg in diameter (fig. 6.1)-with a nucleus 10 g in diaineter. 
Other specdmeiis of the para.site (figs,. 59, .60, 63) meiusure fj'om 
2(> g to 40 ft across, with a nucleus of 5“^ to B ji in diamett?r, 

.Tip preparations ' . staiiied". Afitlr''''D6lafieId’s’ hmmatoxyliu ^ the 
nucleus was" seen to be spherical' •■(figL 58-61) with a ‘•nuclear 
membrane ' ou' whie,l:r’'. the Ahroinati^'* -could '"clearly 
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seen in tlie form of grannies (fig. 58). Tlie whole nucleus, liowever, 
is soiiiewliat poor in clsroinatin. tliougli a kaiyosoiiie may be 
present (figs. 58,- 60, 63) a:S before-nieiitioned. ■ 

Division by binary fission was seen once in life, the process taking 
jiboiifc thirty minutes ' for completion. Tlie Ainmba when first 
noticed was ali'eaily elongate and the dividing nucleus a.ppeared 
SIS a refractile stieak a.cross the body of the parasite. A similar 
dividing form (fig. 62) wa.s once seen in a fixed and stained 
preparation. The nucleus was drawn out in tlie form of a long 
spindle with a central fibre, which opens out at its extremities 
into cone-like expansions, perhaps composed of the I'emains 
of the fibres of tlie nuclear spindle. The actual ends of tlie 
dividing nucleus were composed of chromatin masses or plates 
(Hg. 62). Tlie division' of tlie cytoplasm was dela.yed somewhat 
after that of tlie nucleus. 

Encystment was rarely seen in life, and the full details could 
not 1)0 followed. It was noticed soinetinies that, following 
division, the daiigliter individuals proceeded to encyst after a 
sliort interval ami so formed soiall cyats. In fixed preparations 
somewhat small uninucleate cysts, about 12 p to 14 p in diameter, 
were seen (fig. 64). Larger cysts containing four nuclei were 
also found (fig. 65), ])vit the cysts were not numerous. The 
lai'ger cysts measured about 20 p in diameter. 

I am Sony that oppiortiinity did not arise for me to make an 
extended study of this parasite. 

Although Entafimha Mstoh/ilca (Bebaudinn) is the pathogenic 
agent of a form of dysentery in man, it is not very likely that 
Anueha (E)Uamcsha)lagopodls is the cause of such a seiious ilisease 
in grouse, hut A, lago-podis is more like Entammha coll, whicli is 
usually considered to be a welhnigh harmless parasite in the 
human, intestine. 

A7mieha meleag^'idis (Theobald Smith, 1895), which has been 
iissociated witli the disease known as blackhead in turkeys, is 
now geiic^rally considered to ’be. a .stage,' in, the' life-liistoiy of a 

' CoiX-'iditmiA 

(d) Sporo!2oa— Gregarinida. 

Mosoar^:iTis ^. 

Bpores 'oil a (Iregarine, almost certainly,' a species of ' Aioriom/stisy 
were occasionally found in the contents of thegut of a few' grouse 
from the Lowlands of Scotland -and' the l!^,oi*tlr of 'England, ■' The 
spores present . .much -The' '.same .features-, as"., . those" .commonly; 
oeeiiiTingin.. the Eiirthworm,. and -show, -the- same . pseudo- navi.cellar 
appeai'ance. ■ The , spoiesv seem-' to; -pass .througli' the .alimentaiy 
'..canal of ■ ' the ■ grouse ■ intact. ..■■„The ..' grouse : .acquire,' the .-.spores 
accidentally by Avay of their food (though earthworms are not 
common on many grouse moors), and, the. spores have no ill effect 
; on the binls. probably the internal heat of the bird’s body aids 
.i'll- the (leN’elopmcnt of the sporozoites * witjiin the spoi;ocystS; 
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thoiigli the spores are not acted on externally by the digestive 
juices of the host. 

Uninjured spores of (?ri*egarines have been observed by 
L. Pfeiifer in the alimentary tract and heces of various birds. 


APPENDIX. 

Note ox the G rouse- Fly, 0iAV77’//o.]f i7j. lagopodis . 

The relation of the grouse-fly, Ondthom.yia lagopodis, to tlie 
grouse has been to some extent a matter of conjecture. Though 
the grouse-iiies often are found clinging to or concealed among 
the feathers of the birds, the biology of the fly was uncertain, and 
it was not known definitely wdiether the files obtained blood from 
the grouse or not. Having dissected several hundreds of grouse- 
fiies in an endeavour to find developmental stages of some of tlie 
Protozoa infecting grouse, and possibly parasites natural to the 
fly itself, I append the following notes on the insect, that may be 
of interest. 

Eegarding the food of the gi^ouse-fly, the insect sucks the 
blood of tile grouse. Blood in all stages of digestion has been 
obtained from the gut of the fly. Nucleated red cells of grouse 
blood, which show no sign of digestion, are found in the red 
fluid in the crops of recently fed flies taken from grouse, while 
on a few occasions leucocytes also have been observed. The 
stomach and particularly the intestine contain blood that is semi- 
digested and consists almost entirely of cell nuclei. 

^ The blood, especially in the fore-part of the gut, has a peculiar 
tint, and farther, retains its fluidity for a very long time. Exam- 
ination of ^ the salivary glands of the fly has shown that an 
aiiti-coagulin is secreted by them. I have tested the power of 
tliis anti-coagulin in delaying the clotting of human blood, using 
capillary tubes of blood and emulsion, and blowing out the contents 
at intervals, controls being carefully kept. Blood mixed with 
emulsion of the salivary glands recpiired nine ininiites for co- 
agulation, while the controls, using salt solution, liad clotted in 
six minutes. The intestine of the fly also has anti-coagulin in it. 
Another member of the BippoboseidcBj the sheep ked, Melophagtm 
ovhms, also secretes an anti-coagulin. The blood ingested by both 
flies is prevented from coagulating, and thereby is kept in a 
more suitable condition for digestion and absorption by the fly. 

The peculiar colour of the blood in the fore part of the *flys 
alimentary canal is apparently to be associated with some action 
of the aiiti-eoagulin, for an emulsion of the salivary glands of the 
fly added to human blood caused the latter to assume the same 
peculiar hue as was noticed in the blood from the crop of the 
grouse-fly. 

A fungus also infests the Malpighian tubes of the fly. The 
lijphal threads of the fungus rapidly develop rounded masses of 
spores within,/ sporangk.. . , The; spbmngia ' , • .completely' . 'fill : ,, the 
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tnbeSj the spores finally bursting out as roiiiided 
bodies into the lumen of tbe gut, and thence pass outside the host. 
Meloplmgm ovinus contains a similar fungus [see Porter (1910)]. 

Jii comiectioii with the fungus, which is common in the grouse- 
flies, I may say that I have never found flagellates present where 
the fungus existed, and a similar condition obtains in the sheep- 
ked, Melopluigiis ovimis. 

The grouse-fly, examined as a possible vector of the' protozoal 
parasites of the grouse, yielded rather poor results. However, I 
have found protozoal vermicules, some without melanin, others 
doubtfully with a little, in the gut of the fly. These might be 
stages (ookinetes ?) in the life-history of Leucoq/tozoon lovaii or 
Ilcmnoproteiis onansord, or of both. There is also the possibility of 
(hmithoniijia lagopodishemg the transmitter of Spvrochmta lagopodis^ 
though I am inclined to suspect Ixodes ricmus here, but the 
whole question of the transmission of the protozoal parasites of 
grouse is one demanding much more material and very careful 
investigation. 

I also kept a number of the pup?e of the grouse-fly for further 
investigation, but unfortunately they have not hatched out yet. 
Dr. >Shipley (1909, pp. 321-3) has already published an account 
of the grouse-fly in which the possible time needed for hatching 
is discussed, together with much information regarding the 
adult fly. 
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EXPLANATION OF PLATES LIX.-LXI. 

All tigiires wt-re outlined with the Ahbe-Zeiss caineVa lucidu, jxenerall.v using Zeiss 

2 inm. Mpochroniatic inimersiou objective and compensating oculars L 8, PJ (7.ei.s>.). 

For a few figures Zeiss DI) objective and Huygenian ocular 1 were usihI, 


PiATE LIX. tigs. 1-16. Leucuaj^tsoon lomti. (XllOO.) • 

From preparations, cbietly heart blood, coloured with (Lem sals stain. 
Alagnitication : 1100 diameters. 

Figs. 1-3. Young intracorpiiscnlar parasites. 

d- 13 . Olden' parasites in whicli the host cell is drawn out into Iiorns or pro- 
cesses at either' einl and its nucleus displaced. 

4, 9, 11, 13. Male! gaiuetejcytes with hyaline protoplasm. 

5, 6, 7i IQ, 12. Female guTnetocytes with granular preRoplasm. Clireeinatoid 

granides omu* anmnd the poles of loany <jf the> gjuuetocvtes. 

14-16. Gametocytes iu which nuieh of the host cell is alisorlani or iliscardcd, 
with only slight remains of host-cell imcluus, Figs. 15, 16 from 
specimens in the spleen. Fig. 14 from the liver. JSucIi parasites, 
however, are not contiued to the internal organs. 

PtATE LX. 

Figs. 17“28. IjeueatyU-ozoou lomtL' ■ ■ 

, 17-22., ,L. foroIl'Fas' seen in4ife,'stained' with inetliyleue blue. Y’oiuig parasites, 

: si:n:nving' formation' of tailed, p'rocesses of host A^ell. '' X.lOCKl.'' , 

' 23-28. Schizogony of-X. seen in spleen 'smears from grouse. " 'XidOt;). 

Free UMumpites represented hi figs. 27, 28. , " y 

' ■ 29-<10. from hiood of grouse. X2r>CK'l 

41,42. Mamopt'oUm matmmi. Young paradto in eiythnuytes of grouse. 
. ^ .xJBoib.x';, .V I 
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Pljite lx I. 

Figs. 43-50. Trichomonas ehertlii ?in(Si Monocercomonas. X 1400. 

43“46. Trichomonas forms from CHJCum of grouse. 

47-48. Monocercomonas forms. Fig. 47 intermediate form. 

49. Dividing Trichomonas. 

50. Encysting Trichomonas. 

51-57. from tlie cjcca of grouse. X 171*0. 

58-65. Atnceha {Entaniceba) lagopodis from intestine and faeces of grouse. 
53, 59, 61, 62, Amcebm. X 500. 

60. Ammba, wliicli bas assumed a pyriform shape. X 750. 

6‘4-65. Encysted amcebai. X 1000. 


3. Experiniental Studies on Avian C^occidiosis, espeeiallv in 
relation to young Groiisej Fowls, and Pigeons. By 
H. B. Fantham, b.Sc. Bond., B.A. CantalL, A.Ii.O.S., 
Christas College, Cambridge, Assistant to the 
Quick Professor of Biology in the CJiiiversity of Cam- 
bridge ; Protozoology st to the Grouse Disease Inquiry. 

{Plate LXII.^ and text-figure 66.) 

[Received April 5, 1010.] 
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I. Introduction. 

Protozoal parasites are highly specialised animalcules which 
live' ill intimate relation with the hosts they infect. While many 
of the Protozoal are capable of living in one host only, there a, re,, 
others which are under suspicion of infecting several species of 
higher organisms as host,, and of not being so limited, to one host 
a,s was, formerly believed. One test for the specificness ,' of .any. 
protozoal parasite is that it fails to develop in any animal other 
than its ' special, natural .host,. :and merely perishes when inoculated 
,or otherwise introduced into; any other animal. ■ In, order to ...test 
the specificness of' .the coccidian parasite of the grouse, experiments 
were 'made', .with, the result that the Coceidmm pathogenic to'young 

*. IV'e.vpla.nation.'of .the Plate see p. 72.2.7;'' ' 
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grouse a-iicl responsible for tlie clwiiniling of the broods, paiticnlaiiy 
ill the spring and early summer, was found to be equally injurious 
to heaitin’- young fowls and young pigeons. Healthy grouse chicks 
also were experinieiitally treated by administering food mixed 
with small quantities of infected heces from other grouse suffering 
from coccidiosis, and fatal i-esults ensued. 

The results set forth in this memoir are those obtained from 
one season's work only, to wdiich m 3 ’ investigations were iimited, 

11. Experimental Methods. 

The birds used in experimentid coccidiosis ivere grouse cldcks, 
fowl chicks and young pigeons, all of wliicli ivere initially healthy. 
Goccidian oocysts (PL LXII. figs 4, 5) contained in cBecal droppings 
from infected gi'ouse were allowed to develop spores to some 
extent by being thinl}’ spread in Petid dishes and covered in order 
to prevent complete drying. Under these conditions the spores 
(figs. 6 , 7) developed in two to three days at summer tempera- 
ture. The fieces so prepared were then aclniiiiistered to the 
healthy young birds. 

(A) G^'oase Chicks,— As these birds are somewhat wdld, even 
though bred in eaptivit}^ a rapid feeding method was adopted. 
Some of the parti}' dried fecal matter was taken up> on a spatula 
and inserted directly into the mouth of the bird. Eatiier lai*ge 
quantities ivere given as first doses, but if infection was not faiidy 
rapidly brought about the dose was repeated. The cmcal droppings 
of treated cliicks ivere collected each morning, for these soft 
droppings are more abundant during the night than they are 
during the day, and in the earl}’ morning there is a better chance 
of obtaining excrement free from soil. Examination of ficces 
collected in the evening was sometimes made. 

The grouse chicks \v ere kept on the experimental ground at 
Frimley, and the feeding experiments were conducted l>y Dr. E. A. 
Wilson, to whom I tender my best thanks. Samples of the feces 
of tlie birds w^ere sent to me daily. 

Fold and Young Idgeons,— A method, of feeding 

similar to that used for grouse chicks was eiup]o 3 ’ed with fowl 
chicks and yoiing pigeons ’{squabs). ■ These, expeilinents were con- 
ducted by nie at Cambridge. -The chicks used w^eielroni incubated 
eggs, tbe eggs having been carefully cleansed antiseptically before 
incubation . Cfecai droppings containing obcn'sts were administex^ed' 
■directly to the , birds. , Yery small daily doses were used for severa,! 
;da,yS''aiid then' none lor, a couple 'of days, find so oin , Thismetho,d' 
,' of, ad'ministering obc 3 ’'sts :Was quite ’e-fiective' an dhad tlie adva'ntage 
■of reproducing somewhat ■the '' ■condition' of, 'wild g,rouse^ ,on,"the 
moo'rs, 'wdiere, in termitte,nt ingestion ;of nbcj^sts' withilood' or^ drin,k 
o^cciirs. ,' ' ■■'V'' ' 

, ''One experiment '-was perform'ed, in .which single ,dO'Se only had 
a fatal effect ''on'' a fowl chick.. ' 

I)inp'pmgs,conta,ining’''obcy'stsm different stages of development 
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(figft, 4 7) were mIso iised. Wlieii. t4i(3 o<k.*yst;«coMtaiii,<:M:l 

Hporucysts tlie oiss<:‘4] ui* coeeidiusis wms inure wipiiL 

Aga-iii, I liave fuiiinl (‘.CK'cidiau uo(*ysi.s in thc^ wa.i-.er of tarfis a, I: 
which g'rouse chicks drink a-nd also in dew cuikHduMl tVuiu I iw 
hesitl'ier on tlie moors (fig. 8). (;:h‘ouse chi<!ks, then, ca:n a.c<{uire 
eoccidian oocysts l)y way of tfieii* drink. show this methtxl of 
iiiteckiioii ex]H}riuw a. liealthy fowd chick was sup|>iicd n it.li 

water containing coccidian oocysts. d’his hint aiso iKHaiim* 
i n footed wi tli ooecid iosis. 

('.-oritrol birds were most carefidly kev)t. dlieso wei'p sn|ip]i<Ml 
with food and ( 1 rink exactly jis wort tlic treated hirds, ,‘iinl krpt 
under tlie same comlitions. Examination of tlieir'fiecc.s \''as iniiihv 
twice daily, and (nrefnl 8eaj*(‘h was made for oocysts as the [)ussi ' 
hility of ira,tiu'al coccidiosis of 1)oth fowls and pigfHHis *' was W(‘!l 
recognised and most carefidly gna/rded aga.inst. (..kmtrol In’rd.s 
ill variably were liealtliy and nunle more .ra[>i<] progress in growiih 
tlniii did tlie subjects of tht‘. experiment 

In every instarK*e 1 most ca,i-eFully comfiared tlie r*csutiis o!itain(‘d 
exper’inientally witli the cas(3s of natural (joccidiosis in grousi^ 
cliiciks tliat I investigateil at K.illin (by t.he {'onrtissy of iiord 
Lovat) and in other (*a,ses olita.ined fi*ovn Iku’thsliire, Dumfritss- 
sliire and Yorksliire. 

Some authors have given tlie name Coeddtura ■ en/HMUjIi f tio the 
:pa,rasite of liirds, tliei*el>y identifying tlie curccidiiim of liiriis wdl;!} 
tliat of i‘al)bits. Ilaving Imd tlie opjiortuuity ()F (ilrtiiining finsh 
material from ra,bbits dying j:api<ll}' of acute coceidiosis, 1 fed ir 
liealtliy young pigeon d!,re<*tly rvitli odcysts of 0, cmHCfdi, At fii'st 
oocysts were voided by tlie pigeon, then none wei'c found in tbe 
fieces a.iid no syiiiptoiii a.sso(diited witli coceidiosis appeared at any 
time. The first odeysts voided were merely tliose suppliird to tbe 
Irird wliicdi liad passed inudia.nge<l tlirongli its .‘ilinieiiiitry fvract. 
d’iiongh tills pigeon received several doses of I he oificysiis uf hlvhvitt 
it iiever develo];M^d coccidio.sis, a nd (be |hksI, 
tnoriiom exaniinatioir uiailir immediately after killing the bird 
s!iow(‘d a perfectly normal (Mindificm of evmy organ, I consirlur 
tliatr these e.x|>erinients show .conclnsively tbati /A e.rbo/f and 
dJ, 6a^yonn//:^lre ilistinct sjiedes of. dJmifria and are .not i<iui.dj‘<.‘al. 
There are also rnorpliologlcal diilereruv^s belaveen the t wo, idriidly 
of siiie is the smaller), 

: III. 8vM'TOiM'S (-.kKicmnisrs^ 

The symptoms of grouse sidleriug from, natarral coc'chliohis anil 
1Iios(^ of grouse, fowd clricks, and pigeons, in whicli the (Hscasir has 
bemi artificially indueed, are identicab 'riBysy!nfifiom,s tint Imvi? 
be-eu noted in the ease of the birds sixiiinined 'may novv lio sfiated,. 

* Tlirouiiii the <?oiirtosy of a fVieiid .1 was ab.k:? tie <.tX!.uiiin«v(,t)(icaf!iateoth:*y,stH iVoni 
„a ip'g'enri siifferiag from oiaturHl ccK-oidiowifH,., On Id.' iXIt. Hjr, 'IR is I'iruAva u r.Vht tk 
thw Cofciiliiira (C. pfeVlfWi(^ I/aib<p. It is ^ahoimml, alMnit 17 // in fltamoub 

4 TliO'C'urreet name f>t tins |)arasit:o i> .Kimerkf gtktlm biinlomaim, ‘ 
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Oliicks iiigesting coec*idia.n oocysts become fai* less active 
in their inovenients a,s a rule. The tirst noticeal)le feature is the 
drooping of their wings and a habit of constantly looking* dowrn 
Wiirds. The birds sbind about more than iiornial birds and their 
calls are more plaintive. ■ 

While fowl cl licks and pigeons appear to mope, their appetite is 
increased, and chicks experimentally infected witli coccidiosis ent 
far Bioie greedily than the control birds. They also (Iriak con- 
siderably more. In spite of tlie increase in the anioiiiit of food 
consumed, tiie birds I'apidly get thinner, the muscles of tlie breast 
and legs showing this to a marked degree. Throughout the ])ro-- 
gress of the disease the growth of the affected Ihrds is inucli 
retarded. 

It was necessai-y to feed infected young pigeons by liand, foi* 
even wlien tliey reached practically a.dult life tliey failed to feed 
theinseives, mei*ely thrusting their heads into the food offered 
them, without a, t tempting to swallow any of it. 

Several breeds of fowl chicks wx^re used in experimental 
coccidiosis and eacli lost weight steadily till death occurred]. Tlie 
loss of weight of one pure bred Leghorn chied? was very noticealile. 
It was first fed witii coccidian odi'vsts wlien six weeks old. It and 
its control bird were tiien of ecpial weights (7 1 oz.). Two months 
la.ter the infected eliick died, its weight nt death being 5 o/.., 
while the weiglit of its control on the same day was 1 11). (> ox. 

Sample w'eiglits of otliei; experimental l)irds are given below i' -- 


Bird. 

Weight of 
lid'ccted Bird. 

Weight of 
Control Bird. 

Diflbrenco in 
Weight K. 

Remarks. 

Grouse chick A 

4' 0/.. 

5.\ oz. 

4oz. r 

Dosed once wheiv 




! 

II days <dd. f 

Grouse chick B 

a „ 

7 „ 


Killed in e,N:ti'(*nus. 




1 

wlieiuiged 0 weeks.f 

Grouse, chick C 


■ . 9 ■ 

-a ?j 

Died, aged 10 w(>eks. 

Minorca hen 

a ih. 0/.. 

« Ih. 2 oz. 

UlLOoz. 

' ■ ' ^ 

Died, ' , aged 6 ■! 





inuuth.s. 

Flyuiouth Ko<;k cock , , 

4 11). 8 0/,. 

(5 111. 5 (»/„ 

; 1 111. 13 OZ. 

Killed, at lunite ; 





stage of disease. 'S 

CroHK-l.u’ed Leghorn. 

4 ll). 10 ox. 

5 Ih. 4 oz. 

10 oz. ' 

Chmuic. ' „ j 

'.Pigeon 

I d ox . 

, 12'. oz. 

Si oz. 

' ' ' ' ' ' ! 

Died, aged ,1 1 week.'^.' 


NoTK.--Thti tlira' fowl cliioks wore first tVeated with C’occuliiui oooy.sts when ug'ed 
S weds. Another fowl chiek fed with Coccidian oocyata when figetl l day, died 
when 9 days old. The pigeon wjuab was dosed fiv.st when aged 9 days. 


Another instance of loss: of weight resultant on coccidiosis was 
seen in the case of a pure bred female Leghorn cliick wliich wns 
attacked when seven weeks old by coccidiosis after drinking wainr 
fouled with coccidian oocysts. This bint became a chronic, aiul 
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wlien, ji.diilfc wciiglied 4 lb. 3 oz., wl.iile its sister liircl tlsat aetetl jis 
eoBt:rol weiglied 5 11). 4 oz. 

Besides loss of weight tlie infeeted l.iirds becoroo aiiieitrit^ 
The cere, coiB.b, und wa,ttles beeonio iiividi paler and the l)lo(,»d- 
vessels beneath the wing also look pale. 4Mie in,*at'l appen4:lagi;'s 
gradiiailly become mo.re and more pa.le as iilie disea, se pi;‘ogre.ss(,*s 
and finally ancp.iire a peculiar bluish tinge. This tint also is 
sliow,!:i by tlie eyelids and ea,rs and the legs ai-e a.ifected tboiigli to 
a less extent. The fea,thers on tlie hea.d tend to fall off so tluit 
the foi'epai't of the liead a.nd the region round tlie bill liecoine 
almost bald, a.iid tlie bird presents a veiy peculiar ;tppe‘ira;nce, 
owing to the bluish coloration » Leg wea.kiiess was |)resent in 
several cases. 

Tlie plumage of tlie infected birds is affected in regions otlier 
tbari tlie hea<l, and the quills a, re less rigid tlian in norrmd liirds. 
Tbe feathering of the k^gs is ragg 0 <i and tlie sheen on tlie neck 
and tail-coverts is not so well developed, while the replacement 
of nestling down by ordinary feathers is mucli retarded in diseased 
birds. 

During the progress of coccidiosis tbe birds soinetiines develop 
much mucus and a, very offensive ^‘breath, ’ha smell of siilpbiiretted 
hyilrogen being noticeable. Both sticky mucus and smell disa|)pea,r 
as a rule in a few days, but may recur. 

While bii'ds siifiering from coccidiosis feed greedily, internal 
digestive troubles occur and thafieces voided by the birds are very 
fluid, tbe condition being tliat of diarrhcea. The ca^ciil dr<)p|)ings 
are the more noticeable, and they contain many resistant cysts 
(oocysts) (figs, 4-8) of 0. aviimi. Both sportsmen and keepers 
have noted tdiat diarrhma is a marked symptom of ‘‘grouse 
disease,” Examination of soft droppings daily shows tlie relative 
ii'imibers of oocysts present a,nd may be n i.'oiigli gauge ol' the 
intensity of tlie infection ■*’. In good health, tlie cmcal <ii:*op pings 
are of firm eonsisteney a,nd olive-green to l::>rowii in (dolour. 'Wlicn 
", coccidiosis is slight, tlie fieees become softer and brownish yellow. 
In acute cases tlio excrement is a-lmost fluid and tl.iir birds void 
sulpliur-yellow faeces with a hea.vy, fietiil 'odour. !Fatty nmtteia 
may be preseid; in tlie cjuea] contents. 

' , A (lay or so beftira tlie dea-tli of tbe infcmbid bird tlio slimy, 
mticdhiginous discliarge •recommences, oo/.e coming fi'(,)m 
'iiari's, c^ars a,nd eyes,' Exa.miuation of tfiiS" liquh,! l,)y tlU"^ micro- 
scope sb()ws, tlie I'lresenee of ■ oval coccidian ooc}:^sts (i^f. 1*1. 
figs. 4-B), all of wliicli sliow tbe characteristic eyst-wall wifcliin 
wiiicli is a single, iiiliTU'icleate.',rn.ass 'of protoplasm. Tlie' ;,!iii,ici,is 
■also contains some, shed , epithelial cells'' in whicdi ' ixcasionally 
macro- and mica’O-gameteS' nniy" be found, ' The (,)oze from the 
■ eyes' and' beak chiefly contains oocysts :whieb may ' be due to 
'regurgitatio,m from, the ,crop. just, 'before cleatli.' "However,' it 

It should hi‘ noted that in severe oases of chiodenul <HKa.n<liosisdmero/.«>ites iwiy 
:he'' fotaid/free, m the ,gut-c(,)utents and' fioces ''o'f infeotffl, bird's ''when .nitodcystH 'are 
'■ |),reseat'., 
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should be noted tliat wliile ninc'ous discharge is coniiiioii, it is not 
an ill valuable feature of coccidiosis. 

Death from coccidiosis appears to be sudden. Some of the 
experimental fowl chicks were feeding greedily an lioiir befoi-e 
death, though death was almost expected from the great, emaciation 
and bluish^’ a.ppearance of the birds for some days previous to 
the actual decease. All infected corpses should be burned, not 
buried. 

IV. IXTBRXAL OuGAlSrS. 

Detailed examination of diseased birds shows that coccidiosis of 
fowls, pigeons and young grouse iscontiiied chieliy to tlie digestive 
tract, and so is unlike the coccidiosis of the rabbit where both the 
liver and the gut ma.y lie affected. 

I)ea,d chick's ha.ve shown oval coccidian oocysts (text-lig. 66, 
p. 714) in tlie discliarge from tlie nostrils. Sciapiiigs from the 
soft palate, trachea and oesophagus of diseased birds have sliown 
the presence of oocysts embedded in mucilage. Possibly the 
oocysts may be regurgitated from the gizzard or intestine. 
Oijcysts are occasionally present in the crop and gizzard, mixed 
with crushed food, having been probably taken np with the food. 

The intestine is more highly pa.rasitiised than any otlier pai't of 
the alimentary tract. The oocysts (PL LXII. figs. 7, 8, 11, 12), 
wdiich show much variation among themselves, are softened by 
the pancreatic juice, the four sporocysts (figs. 9, 10) emerge and 
from each of them two active, motile sporozoites or germs come out 
and proceed to attack the epithelium of the duodenum. Haviiig 
penetrated the epithelium (fig. T) they become round, grow ami 
produce individuals, destined to divide and give lise to a ba.i'rel- 
slmped ma.ss of active daughter germs, the meiuzoites (fig. 1, mz), 
Tliese merozoites separate from one another and infect fresh 
epithelijil cells, the wliole mucous membrane being soon badly 
infested, and becoming reduced to an almost structureless mass 
(fig. 1). Owing to heavy infection in tlie duodenal xepitheliumb 
death 'of th,e young grouse may occur., . However, in, many cases, 
some of the merozoites pass into the lumen of the gut and reach 
the ciBca, the ' tissues, of which are siniikirly inutilated,' As far 
as xny experiments go at present, the full period of scliizogony 
'.would appear to lie from, 4 to 5 'days, as, judged by the appearance 
and general moping of the birds,. 

..After several generations' of '-merozoites have',' been produced,, 
the power of .the host ho |.)i'0'vide food, for,' the parasite hails, and 
consequent on this,, the' latter'-, begins'', to, make, preparation ■ for 
extra-corporeal life and produces large, granular forms, whidi a, re 
female mother cells or inacrogainetocytes (fig. 1 , 5 ) and some v'bat 
'smaller, le.ss'gramikrones-'wliich 'are microgametocytes'(fig. 2, d). 
Each macrogam etocyte gives rise to one passive maci*ogamete or 
■female ele'ment (fig* 1), ,.w.hile ■■each^'',mici*Gga.m.etoe.yte,.gives rise to 
maxyy minrff.e, niierogametes, the male elements (fig. 2). 

. Eertilisatioii (fig.: S),' occtu’s through a micropyle left in the wall 
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with, whicli tlie iu.;t(u‘ 0 giu)j(.,‘i)e invests iiselt', n.nd I4ie fert/ilised oijeysi. 
sn protinc'BiI, passes out tiu'ongli tihe iinieli daaua.ged ('!|iiti,u:‘liui,ti 
iiii-.o the liiTiioi.!, «,>1' tlie gut naul thence to theoutHside. epitlw- 

lium (vt* the diKsleiiuni a,n<.I eau'^a, is .s<>nu>tinies (addrely d(„'iindiMl 
hy the iit'tion oi‘ the nia.ny parasites that infest h,., a.tid tiie sid)- 
i,mie(ssasilso is S(,)Tuetin:,ies infected by tlie lUvierki. 

The contents of the oocyst, at lii’st filling the interim* (tt^^xfi- 
fig. (h), A ), gradually contract (textdig. (hi, B) towards ti\e eeni.re, 
or occa.sionally towards one pole, and tiien divi<h3 (textr fig. 00, 0 ) 
into four round masses (text-iig. (Ug ])) known as sj)orof)!as1s. 
E ieli sporol)]ast lieconies an oval sporor,^yst (text^lig. (hh hj) while 
still within the oocyst, and witiiin ea.c]i iript^ sporocyst two sporo- 
/.oites or gerins a.re <lev(do{>ed. (Jotist,^(|UeMtl}' each odc’vst gives 
rise to eiglit s[)oro7mites (tioxt-lig. (h), If). 


'J'ext~llg, (hh 



■: FigunwA-'-F. , 

Ktiigen in the clcvclopmotil of the ()ooysty<vr /& (■>?*/<{ mv'ww, m ,si*i»n iu 
frnHli piviumitiouH. 

A. OuevKt (encystpl with pmtopluKm n.on^ 

It ()l(h*r oikjyst witli <i(mt(nits fomiing u mntnd Hplm-n, Mnn.v Niirh rjMis 

arc fonrid in Inttctwl esnea and inlectcd (»!' grnuse. 

(1 ()5{w«t wititlVanMuiclei, Jibout to h)nu s])oro)da,s^^^ 

1). ()d(Wstmvith four 

E, Fomo)void H|)or(an%sts within oocyst. 

F. Ifaliy mature oocyst with four sjjoi'ocystsj each contnininff two sporo/oites, 

A certa/nr ' amount x>f ■vmid>ition,.,as. by the oi’a^ysts of 

E. arinuK has been notieed by Morse (190S) in th(m‘o(*cidiaii para- 
site nf “white diarrluea’^ of fowls, where the odeysts arc^ wmnti lo 
oval, a.nd from 1 2/x t(^ in dia.nuTer, 'Fhe of'aysts nf h\ arii{f/i 
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ill grouse, whieli is iileDtieal witii tlie parasite foviii(l in “ wlnte 
tliarrluea” of fowls, also Nuiry aiuoiig tlieiiiselves. Usually the 
oocysts are oval (tigs. 4- 8), but a. series of vaiyiiig sizes aud shapes 
(‘.all readily lie found (figs. 8, 11, 12, 14), while rouiu! oocysts also 
occur (fig. 11). Tile exact shape and size of tlie odcyst is a factor 
of the s[)ace in the cell available for the developoieiit of the 
liuua'Ogaaiete, and should not be insisted upon as a. specific cliai*acter, 
for w]iei‘e many parasites are aggrega,ted togetiier in a, limited ai.‘ea 
of epitheliuiii, the inacroga metes and oocysts are small, wliile in 
areas of the gut but poorly parasitised, large oocysts preponderate. 
.Nutrition of the pa.rasite has obviously a great influence on both 
its size and its propagative power. 

In some cases the gnt-wall is extremely thin and tender; in 
otliei; birds this effect is not imirked. Inflammatory patches may 
l)e seen at intervals, particiilaily in the cieca, and tlie cmca usnaily 
are enlarged. At the ileo-emcal junction, where a, reemTence of 
scliizogoriy a.nd sporogoriy occurs, mueli degenerated epitlieliiun is 
present in tlie gut contents, and this epitlieliurn contains both 
sehizorits and gam etocy tes. 

Tiiti large intestine of cliicks infected witli coccidiosis sometimes 
sliows infiainniatory jiatclies and blood may be present in tlie 
rectal contents. The rectum itself seems ra.rely to lie attacked 
by M. avhmi^ though its contents usually contain oheysts. 

The kidneys, spleen, liver, a.nd gallddadder of birds suffer- 
ing from, coccidiosis never contained Khneria^ thougli the spleen 
a.nd ga,ll“l)ladder were sometimes enlarged. Examination of 
the generativ'e organs lia.s shown no sta.ge of E. afimmi- so 
far, thougli it is possible that eggs nia.y becoiue contaminated 
during tlieir passage through the cloaca of the mother. Tlie 
young chicks then might he hatched in contact with iiifectious 
ma.terial, and so accpiire coccidiosis early in life. Eiglit days old 
grouse ciiicks were tlie youngest naturally infected chicks tliat I 
exarnined. The period of 8 to 10 days is tlie one deterniined 
roughly ]>y my experiments as being required for the complete 
devalopiniuita] cycle of E, mmim iii fowls and pigeons, from the 
time of ingtsliou of the oocysts to the excnetioii of tlie maxiin 
iiuinlier of oiicysts of the second generation. 

M'any baid:;Bi*ia. are present naturally in the gut of tlie grouse, 
and their active niovements can be well seen, especially in tlie 
(.‘{0(5) il conteivts of freshly killed grouse. Exn.nii nation of sections 
of tlie gut of the grouse, especially of sections siBineil witli ircm- 
I Hematoxylin and iron ineinatoxyliti followed by vtm Gic'scids stain, 
■I'eveals the presence of numerous ' bimteria which, are present, not 
only ill' tlie,, .lumen of - the ■ gut, but forming, a' layer; along' ..the' 
'striated edge of' tlie ',eohunna..r epithelial cells, and', also are found; 
in kisions left by tlie outward passage of gametes and merozoites. 
These bacteria may have a harmful effect on the tissues invaded, 
hind tliere is evidence to show that tliey gain access to the tissues 
v(ry early, tlui sporozoites and merozoites acting, in fact, ns 
imxiulai.ing needles, whereby'- the injuilous liacterm, a.r(‘ passed 
into the tissue of the gut, whence, by wayuif the blood and lynqii, 
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tliey crin, reiich otlier FnrMier, tlio ileiiiidation of 

of the gut allows oF easy (uitry of bjicterLal Mgcavts «>f 

i 1,1 fee ti oil. 

iu coiui(:N:‘tioii witli the action (.if bju,*t(;*ria Ji.i I’lie disciisi'^ of 
fowls known as w,hite. (ii;irrb(e:i,/’ t/bovc* are two opprsiiig views. 
M'.(:>rs(3 (1908), w<,)rki,ug in .A.inorica, lia.s im'e.si.igaietl, wliii.e 

(liarrha?!!, ill fowls and oilier liirds and a, 1 ways found iiiliistinal 
coceidiosis. Hadley (1909), also working on tlie subje(*t, i:V,>niid, 
not only intestinal biitj also iie{)atic coceiiliosis in fowls srtilering 
from wliite diaiTlicea. M'orse notes the )iresenee of liacteria in 
the gnt, iind tliiid^s tint tliey inny gain access to the sjstimi 
on account of tlie deinnlation of tlie gnt epitbeliuni. Itetitger 
(1909), on tlie ofclier hand, considers tliat vvliilii diarrluea is due 
entirely to a hacteriuui, JUictermni sepiieendw (jaJiiN.a<ru{ii or 
Jhcieritmi piiUirrunit . 

J:*rol)al)ly both of tliese conilicting views a, re right as far as they 
go, but se|:)tirately they may only jiaetially explain, the cause of 
“ wliite diar.riiceal' I,)ivs. (Jobhett and („}raha;ni B,m itii, of iilie (I rouse 
Diseiuse liiqniry, liave shown (.1910) ex|ierirnenta,lly that llicterlii 
may be inoculated liy means of eoccidia, a,ud find lilieir way into tlie 
ii'itenial organs probably by way of the portal vein. Tlie ageruy 
of iiarasitic worms and eoccidia in causing lesions of the mucous 
membrane tliroiigfi wlncli harmful liacteria may enter, is of fa,r- 
reaediing importance and prohalhy of wide ap[iiication in the 
elucidation of certain iiitestinal diseases. 

M.orse\s '.pa, per .gives - mncli' vah:ia.ble 'infoi,'ma.ti<‘::m regfirding 
treatment 'of, coceidiosis and brief notes ,on intesti'iia,! <!ocei<i,io,sis of 
vai'io us birds. (Jame birds otlier than grouse ai'e susceptilile to 
coceidiosis, for .MhFadyean re.ported coceidiosis in, |">heasants in 
1893-4. ^ .A.t. tlie time of correcting p.i.- 0 (.')fs .of tills iirtit-le I liin 
engaged in investigating coceidiosis \v.iiich is causing tlie ih*‘atli of 
ma'ny young plieasants .in various parts of Englaml , 

The. onset of sporogony of ./i/. aviuni means e.ither tlie re(;ove,ry or 
tlie death of the i',n,fected clu'ek: as fi rule.' Wl'um i':Jio (,)rK„ysts pass- 
Old. from tiho body <, if tho liost, the epitholiurn of tlie gut may lie 
aide IjO recovau* itsell, Ayhen tlm liird gTadually increases in weight 
and mal<es partial or entire recovery.' Tliis..,:iWive''ry i,s siimeiihm’-H 
aided liy infiltraHoxn tissue into tlnV h'sions. If, 

however, the inlectioii has lieen lieavy, tho e'|,)itda^li'in'n <*ai'in()t 
regenerate itself a'nd the' l).i'n| .'becomes exhausted a,nd dies. 


. T., Kblativb EBsisTANcm or iM.rFB.EHN'T BEE,EnsVo,r" 

', . Fowls and .PiaBONS-ro'Oocoiniosis; 

■- -dYormg'.chicks,are fir more susceptible to coceidiosis than mlult 
bird's*. Very young fowl chicks (up to'B days old)' die in a few '('lays 
after being.'- fed with coccidian oocysts.,- -'^'Chicks. ,fl,rst dosed- wilh 
yysts' wh.en 14 -diiys old clo riot succumb -.bo reiidily,;, they x,nay live 

f chronics and thus' infect "tho moors; 'Iirthkconiuictimv 

inrecteii foster, mothers in photisan't-roadng' may ho, dangerous. . ■ 
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for some weels^s or some may become cliroiiicSj wbeii chiily 
exfimiiia.tioii of their fteces shows periodic sma,ll crops of oocysts. 

Older ciiicks are more likely to recover from coccidiosis. For 
example, a. grouse chick aged 13 weeks was fed on oocysts, amd 
when killed 3 weeks later very few coccidia were observed. 
Again, a- young grouse which had been pickeii up dead on the 
mooi's ill Inverness-shire was received on Sept. 15, 1909. In its 
circa numbers of both coccidhui oocysts a,nd Trichostrongyhm 
pe/rgracilis were found. The bird had probably survived an 
attack of cocoidiosis and in its weakened condition had fallen 
a victim to strongylosis. 

Dilferent lireeds of fowls have varying powers of resisting 
coccidiosis. Piii‘e-bred Leghoi-n and Minorca chicks died from 
tlie disease in a compai-atively sliort time. Plymoutli Rock clucks 
^vei-e attaclved quickly but had gi‘e}iter resisting powers than pure 
Ijeghorns or Minorcas. Cross-lired Leghorns wei*e far inoi*e 
I'esistaut to tlie disease than the pure-bred birds. 

R(‘gardiiig pigeons, fantails a, re more susceptible tlian the 
oiMlinary pigeons, though sfjuabs of any variety seem easily 
attacked and overcome by coccidiosis. 


VI. The Dissemination of CJoccidiosis ovee ' 

Tracts of Oountrv. 

Cowddiosis outbi'eidvs spread with fair I'a.piditjq but though 
many bii-ds in one locality become diseased, yet adjoining estates 
may l>e free. Epizootics <.>f coccidiosis also disappear very 
quicdxly. . 

Infection lias lieen shown experimentally to be due to the 
ingestion of oiicysts (cysts), eitlier by way of the food or drink. 
Coceidian ej'sts may occur on the heather and in the tarns miul 
|) 0 ()lsfrom wliidi tive grouse ihinlc, as before inentioned. 

AVl'ien fjB(‘.es cd* infected (‘liicks- are voided, the cfeeal or soft 
droppings are lieavily loaded with cysts, and not only do tln:‘y 
fold th(-^ grotnid, lientlier, and water in th (dr vicinity, hut when 
dried, tdie powdery iiiaterial proiliiced may be disseininated by tlie^ 
wind, and so oocysts and tlieir contained sporcu^ysts a ro' distributed 
over (i)ui]>ai‘aIivii!lyTorge tracts'of counL^^^^^^ 

' Siit.otl'ier methods 'of |ni;)tliiciBg'.'m;lier local infecdions 'may bo 
partly due to insects., 1’he agency of Tti sects 'sucli as "dung-ilic-?.s 
has been observed in nature ami also demonstrateil expm*imentaily. 

Scatophaga sUrcortma^ tlie tlung-lly, commonly oc^iuirson grouse 
moors. The eggs of the lly are laiil in fieces ami hatidi out there. 
The larvan are/ liiige ami soniewhal active. They feed on the 
teces of grouse, which Ifeces maybe infected wu* tb coccidian cysts. 
Dissection of siich larvm has shown the presence of o(i(!ysts within 
their giits. When isolated larvjc were first well washed and then 
allowed to dehecate on a slide, the preparation of the ffoces slanved 
oocysts when exarnincal microBcopii'ally. Some of the jiupm also 
contained coccidian spores in their guts. The freshly hatciicil 
Ihioc. ^oon. Son.— i91(),/'N 47 
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exjiinisied nirely showed sporesj jjiit bs tJiey pro('H:'e«j jtliiiost Mt 
once to ingest faeces, tl'iey 'rapidly become ageu'ts for disiril'tiitrng tilo^ 
spores. .Dmigdiies alkiwed to luitch oriti iii the of iiihH‘t,e‘l 

grouse always contained eoecidiaii oilcysts in tiieir jrdirrH'Mitnry 
canal find 'beces. 

Jjal)oratory ex|>erirnents were r.na,do with the blow-liy, Jlnsru 
vomikiria, Eggs taken from tlie body of th(3 parent tly 'wei'i^ 
a.l lowed to hatch out in beces of an infcc-ted gronso i'hick:. Ifdu" 
larvie greedily ingested the cysts wdiicli passed |;:)i*fic'.tief'dl}' unalfi‘,ri:*d 
through, their Ijcxlies. Home of the larvfc winch pupfited were 
waslied' very cfirefnlly and tlien dissected. Tisey cHininliied 
coccidian spores. Adidts were fed on th,e infected nriterijil ftml 
oocysts wcme voided in tlieir exeren".ient. Tifc sprcfiding c»f 
young iiies, liatched infected, and of older ones tJuit have fed on 
infected materifd, may aid, t}.ien, in tlie flispersrd of cocta'iliosls. 

While experimental evidence of tlie fiction of f^mtirph/uja ster- 
cor aria find Masm vomUoria 1ms been fifforded in tiie ]}ihor{:ii'-or\y 
tins is mei'ely coniii'mfitory of wlmt mfiy occur on some moors* 
l:lere' on S(;ots firs, heather find moss, iniml:>ei’S of iliixs 
found, find diiug*f!ies are .known wl'ierevei' grouse dro|,)pings nre 
to l>e 'foiind. The tniil of birds can be triicked to somi^ exUmt hy 
tlie copro|.>lmgoas flies, while lines of infection a,re |;n‘odu(,!ed l>y iJie 
liirds as they pass down by small paths to tlieiivdrink'i.ug places* 

It may, be of interest to note that honseilieH (Muma (lommiwa) 
lifive' been shown expe.rimental]y to ingest coccidifin odcysts* 

To summarise, wind and rain acting- on , i'ufectod ffuceS'are 
])rol)ahly the princ?ip)al a.gentsin d.ispersal, while the .feeding luibits 
of Scaiophaga and other flies form sul.>si<liary means of spreading 
the disease. 

Til. Dijeation O.F ■ Vitawtv of’ Oo€c.i::m'A:N OdcivsTS. 

117w3?i^ the Oocysts are kept nitmter 'or mry moist » 

. Miich. moisture is present on many, moors, a.iid ffcces' of infected 
chicks contain coccidian spores which 'not' only get washed inUi 
tlio soil, but also into tfirns, etc., at wliicb grouse ilri.nk* JIwwfiK, 
therefore, of some imporifince to detmni,ue , tla^ t.imo rix|uircd 
,'for tlnv degeneration of . the resistant' spores of tlie pamsite when 
in, water. 

t, , 'Cocciiliai:! oocysts wi nndlflbrentiated confxmts wm-c plsnx^d in 
'water,' kept at about 2(T ’(!'■' (July' tenfperfit.uri'), lihe Wfittvr lading 
re|>laced as recpiired, toavoid .evaporation oflVats. Ordinmily, ilm 
. ocicysts <levelop sporocysts', very'' 'rapidly— '2 to days, In 
the, '.case cysts ,ke|it' 'm. water, 9 'days ''elapsed lieforo much 
chfingo was noted. ' -At 'the end of that,, period, a few oocysis 
■'.sliowed 'diierenti,ated, p'roto.pflasmie masses,: and still fewer showed 
four' sporocy sis. , , 'Two;- days, later" many mo.ro oocysts contained 
four spoincysts, and this pw)gTmsive development continued htr 
some days. Little, signs .of degeneration w^ere seen until about iihe 
4 0th day, wlien some showed signs of gas huhiilesin their intcrinrH. 
Othoi's, however, had completeil their development, find theii' four 
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sporocysts, appa,i*ently iinliarnied, were set free into the liquid. 
By the SOtli clay, practically all oocysts had eitlier matured or 
de.n'enenited, aaid tlie sporocysts had l)eguii to degenerate. 

From tlie above experiment, tlie conclusion is that the develop- 
ment of oocysts and sporocysts is delayed by the presence of inncli 
moisture, but that the power of infection is retained for a long 
time by means of the sporocysts. 

Very damp air has similar effects, 

(jS) JF/ien Fceces are merely kept and allowed to dry on 
the 0 ‘Utside, 

When freshly voided soft droppings of grouse containing 
coceidian oocysts are allowed to dry, the oocysts in the surface 
layers rapidly develop sporocysts, the inner ones remaining 
unatiected. 

E'leces kept en masse in covered dishes for as long as twelve 
inontlis have retained the power of infecting birds, as I have 
been able to show experimentally. Such material contains un- 
differentiated oocysts still, while its outer layers mainly contain 
oocysts with four sporocysts within them, 

(j) Development under Different Conditions of 2'^emperaiiire, 

For experimental purposes, it was sometimes necessary to delay 
the development of sporocysts. This was easily done. The oocysts 
in fteces were transferred to a chamber kept at 1 0*^ 0., having been 
previously kept at 0. This change was sufficient to delay all 
further development for a considera.ble time. Smaller changes of 
temperature also arrested the development of sporocysts, though 
the effect naturally was not so marked. 

Changes of temperature and moisture on tlie moors may explain 
the ocxiurrence of occasional outbi*eaks of disease after all disease 
seems to Iiave disappeared, Moisture and coolness retaiffi the 
(leveloprnent of certain oocysts for a considerable time, during 
whi(ffi, period the disease.- disappears. A return of 'conditions 
favourable to the Goccidiinn then ensues, rapid development of 
sporocysts occui’s .and a f I'esli outbreak of disease is reported. 

VIII-. E-ffbcts of CEjmiN Beagknts on Coccxdian .Goovsts. ■ ' 

'Certain e.xperiments;were made witffiaViewt.o. finding -a xnea ns 
of , destroying oocysts without' killing all other forms ' of life, 

' This is : not an . .easy matter. , . While such, sti‘ong, , re-agents. .. as ■' 
■eaustic. potash ' will slowly dlissolve,.- the 'oocysts, the.ir ap.plication is, 

■ not practicable on 'g, rouse. .moors, 

Salt produces plasmolysis in the end, but the process is 
rather slow, and the salt is too readily dissolved in dew and rain, 
and so merely soaks into the soil^. 

* ITowevnr, iu this connection seo Hammond Bmith, “ The Fichl/" Au^. 20, 1010, 
SiippL p. viii. 
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Qifdek-lii'iie (.le^troj'S the cnievsts s]X)reey.sts. It; cmilsps 
'the fa-H‘5>s te ea.ke, thereby prtn'entiiig seatteririg et tho Kperc's; 
It is soioewhat rioubtftil wln'klier lime eoBbl be on a hirgc^ 

yeaie. 11; iniglit be somewhat liarmful t;o ilie. i'eeti ol* iiiie 1)ir<hy 
apart from tlie ditliioilty of (riMti*ibiitiog it ovcvr la,i*ge areas. 
’Wii( 3 ro the is.rea of infection is small, it is prol'nible tliat; the 
a|:) plication- of lime to the soil would l>e of semlce. M'y c,vxp«.:‘ri“ 
meiits on rt, small plot of heather at Oaml>i‘i(]g<i*. ]ia;ve sliowii ilia.t 
srf mil quantities of lime dressing are not detrimeni;al to heidiier. 

Oas lime a/nd skiked Ime also are risefid, lint eacli isopen to the 
sa/nie olijeetion as (pdck-lirae. Lime in one form or another 
ervihiiidy seeius to liave the best ami most rapid action on coccidian 
Oocysts of any I’eagent that I liave tried. 

jSalic/j/la^ies . — Salicylic a.cid a.rid sodium salicylat/e a.ct i‘a,tli(‘r 
s]()wly on coccidian oocysts when mixed with tliem. Lotli 
cliemicais tend to deli(:|iiestu3, and tlici f.'cces inixetl with theiri 
remain lluid for a longer period than they otliervvise would. Tlio 
oocysts become wrinlcled and ultimately destroyed, but tlie con- 
tents take longer to degenerate than when lime is uscuL 

Ferrous sidphate * — Clopperas or green 'viti’iol is 'u set' id to sonu 3 
extent in .destroying coccidian oocysts, but like salicyla.tes it is 
somewlxat slovr in action. A dusting of ferrous sulpimte on tlie 
moors would i.irobatily be useful, for the combincMl iron present 
qniglit be taken up in sniallqnantitea'hy grcvuse and, liy acking as 
a, general tonic, miglit enalde the bircls to I'esist coccidiosis the 
better if ' they became attacked. Ferrous sulphate' in the pit)- 
poition of ' 10 grains to the gallon, of 'drinking-water. lias been 
found ' of service ' by the writer'-in -the .treatment of . coccidiosis' in 
young fowls and young 'pbeamnts. Bciine keepei's 'and breeders, 
at my suggestion, liave used mteehu, in the \di'i'id,ciug-« water 'with 
success. 

of soda mixed wdi.h fjecos desti'oyed.' 
tlie contents .of theodcysts after some tiin 0 ,'but'.the]engtii of tiiue 
requii’ed for its eflkdice a/pplicatron would milil'a.te aga.inst its 'use 
on 'a scale. 

in my ex '|'.»erin:i outs', at ■ (jamlnl-tlge, tii,r('''e por'tu'ms of , infcictta! 
fau'cs were), niixcd with equal quantities, of lime, soili'ntri sa.licylati*, 
ami ferrous sulpbate respectively, and W'erc kepi, in optn drslu^s, 
exposed to the lictioii of the Weather. The residls obtained may 
he siiortly given. 

' In the ('ase of the fiecas ra'pidly formed a calicd muss. In 
a fortnight the oocysts 'w^'ero .'slnainken' aiid wrinkh^d, and some 
showed cracks. 'A,t tlie end -of tbre'e .weeks, the cysts were more 
hroken up and the crai tents largely disintegintu whih* al‘ter a 
lapse of two numtlis, tkerxy wnB a in finding spores at all. 

Bacteria were not found after lime treatmciit, and lliert^ was only 
'/a slight fax.al (Kl(':Hir 

';'''Sodnmh scdlcylate added to. 'feces '. rapidly dclkiuesced, in fact*, 
the mixtui*0 was quite liquhl in less tliau tln*e(‘ hours* Afic^r a 
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fortniglit’s iiitervulj the cysts jippeared to be slightly shninkeiy 
wliile fa'cal odour was noticeable. A. iiiontli later, the oocysts 
were more slrriniken and a few free sporoeysts ^vere found, wlule 
ten weeliS a.fter treatment, a sliglit smell was still perceptilile, and 
the oocysts present were shrunken and showed oily contents. 

Ferrous sidphate (copperas) had much the same effaet as sodium 
Siilicy]a>te, but did not deliquesce. Tliotigh its fiction at first 
seemed to be rather less effective, it secured the same result 
ultimately. 


IX, Concluding Bemarks. 

The ravages of coccidiosis among grouse clucks may be iinder- 
estiinated on the moors, since the tiny corpses of the birds lie 
hidden among tlie heatlier. 

While it is relatively easy to take preventive measures in the 
case of coccidiosis in fowls, it is most difficult to take active 
measures in the case of grouse. The remedy of heather burning 
is drastic and coccidian spores, which are present in the tract 
burnt, are then destroyed. However, hea.ther is rather slow- 
growing, and so heatliei'-burning, while efficacious, is soinewha.t 
restricted in its a.rea of applica,tion. Lime dressing is destructive 
to spoi’es of coccidia., and could probably be utilised in the case of 
limited outbreaks of disease among grouse cliicks. Tlie effect 
of lime on the liea.tlier on tlie moors should first be C{n*efally 
investigated on a large scale (see p. 720). Any condition tending 
to raise the general vitality of the birds also makes them niucli 
moi'e resistant to disease. An abundant supply of liea-lthy young 
heatlier, by raising tlie general standa.rd of health of the birds, 
is probably one of the best safeguards against the insidious disease, 
coccidiosis.. ' 
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EXPLANATION OF PLATE LX II. 

All iif^uros witli Ahlx' (‘{nnor!! iisinf!,' 2 lutiL 

aiKKihvomsitii; Ians. 

File's. 1, 3, .1 from sisunwl (hsmnatosyliii) sf'ctions of of grouse <’hu‘k iulVs-ted vvish 
oiKsudiosis. X 1500 a|)pvoxiiTiatoly. 

Figs. 4 --14- from f rush preparations. X ICXH), 

Figs. 1, 3- W(‘(5tion of gut showing j)ara.sitos, 
pa parasite. 

A'pw. — sporozoite (infeeting gertri). 

'j/w.—raerozoitiu ((langhttn* form). 

~nii(TOga.metes (male elenumts) attnehedto iiiierog';tm(‘tocyte 
(c? mother cell). 

— macrogamete (female), with thin cyst urotipil it. 

3. Fertilisation of larg(rinncrogavnete by iriinvite niicrtjganu'te. Only one male 

element penetrates, tln‘ others r<uiuiin on the ontsiile and tlegeiun-ate. 

4, 5. Oocysts, charact(?ristic of fr(^sh ficcos. 

(), 7. (K)cysts with four deV(‘lo])iug sjtorohlnsts inside, first roiiiid, then ovoid. 

8. Aiature oocyst containing f-our sporocysts, eaidi with two s|a»ro/.oiies, from 
cjBcal droppings taken from the moors. 

0, 10. Free sporocysts (spores) from infected fajces. In the sporocyst repr<?. 
sented in fig*. 10, which is pointed at one end, the sporozoitics are almnt 
to «3niergo. 

11. lioinnl cyst, as found in droppings of grouse or fowl chitiks. 

12. Somewhat <>gg-shaped cyst, with four sporoldast.s (young spores), 

13. Cy^^t nf fV>cctdmw, (JSfnuHa) /iff Irom a ingeon inrected 

with naturtil coccidiosis, 

14. Cyst from faeces of a pigeon fed on infected grouser fieces. 

4. ' Obsprvaiions on tlie '-Blood .'of-'- Gron8(3. ' , By ’f,L ■" B* 
Fantham, ' D.Sc.Lond.j-B. A.Cantal)., A.1,L(' .IS., 

Christ's ' College, ■■ Cambridge, Assistant- to .the Quictk 
I'rotessor of Biology in tlie University, Frotozoologist 
to tlie (CroiJSeI)iseuse' Inquiry,.: 

[ Itraieivwl April 5, lillO. ) 

(Plate Lxn;i*) 

I. Inthoduction. 

■ U:ie elements of tlto .blood 'of bii*ds a, re very ilifle'rent front, 
those; a:>f ;:niaiunia.k, and - while- nnieh is- known, of tint Itistole^gy' 
fv,f niair:-u:in;iliiui,,l)loc)d, tlie investiga,t.iof.i, of thtr blood, of [.mS: 

, l,iitbert<-)' been, very ]inut6(.l,,-a.n<l . very littlo ii-n,l(„u:‘c! is known of 
the subjeet, Bneli literature as is avaikltle on nvinn blood is, 
iiiif()rtnuiat(dy, largely and the bnv illustrad-ions 

relating to the ■ ,sa.nie ' Imve n-ot. ■'solved entirely 'the diHieulUeB. 
coimeeted .with the' cellular 'elein.Guts'of the blood of birds. 

Tb(^ ixrrtions of tlio sultjeet that have been most a.d(qu:di(dy 
.dealt, with are those relating' to c»ertain pathologi(‘al conditions, 
fowl cliolera and in d{)m{'stlc. fowls, suid 

'those: relating -to'; riorinal fo.wlsb' blood, Jn cu)nnoctaofi with bolli 

^ For oxphmation of thij Plate Koe p. 73L 
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these sets of olxsei/vo-tions there are wide discrepancies between 
the resnlte obt^iined by diffei*eiiti investigators, and xnucli con- 
i' iisioii lias arisen tliei-efrom. 

The different results obtained by various investigators are 
partly explicable, for the constitution of the blood of birds may 
va,ry a,moiig individuals of the mine species. Also there ai*e 
differences due to age and sex, while the conditions under which 
the investigations are made have vsome influence on the result. 

The cliief difficulties of inanipula,tion for the investigation of 
the blood of sucli birds as grouse are the ra.pidity with wliich 
coagulation occurs, and the rapid alteration and disintegration 
that often follows the death of the blood elements. The great 
rapidity of tlie onset of degeneration in the leucocytes is such, 
that extreme iiccuracy in counts of these cellular elements is not 
ea.sily olitained, and tlie numbers of erythrocytes and leucocytes 
found ill diiiereut series of counts consequently bear a varying 
relation one to another in apparently normal birds, even when 
the hictors noted in the preceding pa,ragrapli have been coii- 
si<iered. Nevertheless, the correlation of the numbers and 
condition of the lilood-eleinents, particularly of the leucocytes, 
witli the occuiTence of specific protozoal and helminthic pa, rasites, 
renders an examination of the blood a most useful adjunct in 
iriveHtiga,ti ng somewhat ohscure disea, ses. Several protozoal para- 
sites [see Fa,iitlia.ni (1910)] are present in grouse, both in. the 
blood a.nd in tlie gut, a,nd the condition of the bird’s blood 
can be correlated with the presence of some of the individual 
parasites. 


II, Methods. 

Blood taken from a wing vein was used in the case of living 
birds, of wliich twelve were thus examined. In the case of freshly 
killed grouse, lilood kdveii directly from tlie hea.rt was employed 
9,Tie usiml metluxls and precautions were followed in securing 
suita,].de (Ir()ps of blood for exaniination, 

lla-yem’s liiiid was used as a diluent for counting the red cells 
of the blood,, while Toison’s fluid was i.ised in the case of tlio 
l(3ueo'cytes. ... 

The 'Thoma.“Z(a'ss hanniicy tometer ^was 6m|r9,oyed.' The disc of 
the counting cffiainber was laded according to Zappert. 

.A dilution of a,t least '200 or 250 waS' found to be ■ iiecessary 
for counting the rcvl cells, and a dilution of 20 to 25 was a,l)solutely 
iiecessa,ry in counting the leucocytes. ,■ Bometinies';a ^diluti(:>^ 
100 was tn,kcn in counting the leucocytevS, aiid this greater 
diluthin \va.s often preferable. 

For iliflei'ential leucocyte counts blood smears were made on 
botli cover-slips a,ud sliiles, especially the foiffiier. 

The stain generally used in making preparations for <lifierential 
counting was tha.t of Jenuer, Occasionally Giemsa’s stain -was 

employ<-’<'h 



7 : 24 - 


1)11. !l. IL OS 


":\lr 


1],],', Tii'E in TIIK fri.nuH Ol; illlJIK'*--, 

ICMPHCIALLV ( ih’nlJ.SKu 

'H'K? eloiiiiviits in oi' iUJiMurd nvny 

gi'uuped !us : 

(/'/) 'l<3ryti}r<.K‘y!..t’S. 

(^) Lt‘'!ic?n(!yt;i*s. 

(4 'r{)romlKK*yttss, 

Tlie ItH'ieonj'tes ar<^ further si(!Hl]\’fde<h uimI uriy be y'roii|HM| hh 
n i <„) non i:i< ‘ 1 ear, j, »( ■»] yn u jr |,) 1 1 o ii ut -i vi\ r , and et fs i n f ) p 1 u { t ol e u i rte y I , s 1 1 h i 
lyni|)h,ocytes. Mawt reds, wiiirh are ina-rkedly haa</)pliile, :iri‘ aien 
present. ' Eryth,r<')Kia..sts ji.Iho 'inay lie e.iu'ounl'ertM;!. 'I'bes),' i'orins 
may now l)e cjousidered separa.t,ely, 

(n)'.ii^y 7 /^Afor?//rK. Tliese are tiu) most, a.hundant; rdmiieiits ,iii 

tlie l)loo(L ■ ddiCMnyi^iirocytes or ri'M'l cuii^'Hiselies areiniil in 

eoiitour (PL LXIIL iig. 1 )» ■ Pi'hey pf.issess a wcdl-nuirked, ova! 
liiKdenSy eeiii'ra.ny pla(;ed, Tim eiythKaytiss of yrouse. ahoirt. 
ll’S-lSi /i, long: l:)y fi hroioL ■ in fresh prcvjmrathu'is the 
eytoplasin of tlie red cells of hea.lt.hy grouse is |ri'ai*t.ir{illy homo 
geneoiis,' or biifc' Veiy hrintly-gnun.il!.U'. give 

the same .results* ,■ If, is rai'e :for ' ]a.rge g,ranules, idtre>iiiatoii:l 
grannies, OF vaxiuolations to he |)r(>sent. i:n the red rmliH rd' ■healthy 
lards* Thaennelens ■stains .deej'ily,- ami shows ii: , \vei,l-'i:rljrrked 
cln‘(:>maticn:nesli:w<>rk witli small net».knots u|:>on it a!i iuf etn'alKl 

The red 'Cells of varions birds- are .much, the same.- l'hert‘' ismy 
1)0 ^ slight difterences in size a-nd shape*" i,n figs* tLand tf, j-iro 
<lepicted stained , specimens of the red 'cells of tJie |",)ig(avr} trml 
‘.'fowl la^spectivcdy, from, -whicdi . if '-will be' se»,'‘n that tlie ■e'ryMi'rO' 
cytes.of tlU'’ pigc^on aA,a':vsli,g].itly 'nn.r'ro'wer tha'.it .those* of t,l!e gramstb 
ajal hmd* ainl s<)aie\v]jat less rv>uiide<l at tlie Inals. 

I'ho numhi'a' of red CM'dts'of g:roiise varieirfro'iu »1,h0(klHM) l':0 
f), 800,(^40 per cubic iniili.metr(s aAun^Mging ■.i.hl'Hyl.HlO c.mrm 
1iies<' (igiir(‘s nn^^idt. rr()ni hlnod“<n:)tnitH (d\hO la 

dda* number (jf led cells is apparently higher in ro^-k grousi^ 
{e, g*, p(a,,vc.iu.,t,u*)':t4,)^ 'i'..tt lam. g:'ron,He,(c* f/*, Ji,Bt'K'LrH„ld |a■*'r 

mmxu)*. -' ■ 

(])) f,(uuwo/in\--Thi^- leucocytes of grouse are ii.subjr*(d. of much 
intrinsic diUlculty* and it is impof'Milde to cou.Nider (ia^ grmpdng 
ar)n.ngem(*nt given helow a,H more than provisional 'riie (Lassi 
tk*atiou of the IcucocytoH of birds can he placed on a rt'ally sound 
basis only vyluai dc'tailed knowledge of the <leve{<»pmcu(, of hU the 
elements of the hlool of birds has been obtained In .spile of 
good work by Denys, .Dantsebak off, and others, such a inasiphU*- 
developmental investigation of the blood of birds is still wanting* 
Owing both to the lack Of time at my disposal and to ilu^ great. 
$t!avcitv of Qniif. fresh material, I am nimbla to jittempt Hucb 
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ail iiivestigabioii, and therefore liave availed myself of tlie 
classifica-tion at present adopted by such authoiities as Burnett 
(i9()8)y mollify iiig their statements in accordance with, my own 
personal observation and adding a number of details hitherto 
overlooked. 

1. Ly'ia’phocjfles (PL LXIII. figs. 5, 6).— The lymphocytes a, re 
the smallest of tiie leucocytes. They are from 5*5 p to S p in 
diameter approximately. They ax-e smaller than the a,vera.ge red 
corpuscles. Eacli lymphocyte possesses a wmlL marked i*ound or 
oval nucleus which is relatively large and occupies most of the 
cell. The cytoplasm of the lymphocyte is small in amount, is 
basoplule, a, lid is reduced to a. rim around tlie nucleus. Tlie 
lym|)]iocytes hiive a great temlency to collect together in groups 
on lilood-smears, ami in such aggregations the cytoplasm of tlie 
members a, way fi*om the peripheiy of the group is i*educed to a 
minimum. 

The lymphocytes are sometimes sulxlivided into large and 
small varieties. The larger specimens of lympiioeytes gra,diu.illy 
xnerge into the sma.ll mononuclears, and the na-ming and classi- 
fying of such leucocytes is often a ma.tter of personal opinion, 

2. Large Mcnhoniidear Jjeucocytes (Hya,line cells). — These are. 
large, a.pproxirnately circular cells averaging 9 /1 to IPS p in 
diameter (PL LXIII. figs. 7, 8). In a film stained wiidi Giemsa’s 
fluid the rnoiionucleax.* leucocytes are , easily distingiiislmiile not 
cmly from tlieir la.i-ge size but also from tlie fact tha,t tbeir cyto- 
])]asm stains a vivid Idue and the nucleus a heantiful purple. 
Tlie general cytoplasm of the cell is almost homogeneous in 
character. " 

The nucleus of a. mononuclear leucocyte of grouse is large, 
occupying about half of the cell, and is often round or oval 
(figs. 5, ()). At otlier times tlie nucleus ivS soniewdiat curved 
or indented (fig, 8). The chromatin of the nucdeiis ta-kes the 
form of a fairly dense mass, exhibiting in stained spetaniexis a. 
uniforndy inottled appeanuice ; it is situated to one side of the 
■cell. , ' 'V . ■ . 

With 'J"ennei'\s stain the- iiiieleus,.colo'iu\s a. x‘atlie,r deep Ixlne, 
while thi^ c}d}opl asm stains only a faint blue and so is vslightly 
bas(»pbile. 

,As*’Burii(d,t (I90B,' p.. vlb) .wn:‘ites : '^‘One can find alL stages. 
Iietwisas typi(\a'l lympb<)cytes a small amount of strongly 

l;»a,si>[)bih.i, coai’sely reticular cytoplasm and typical large inono- 
nmdea.rs with a. miicb huger amount of faintly basophile, finely 
r(ddcula,r cytoplasni,” 

M. Polyiiiorphoth'Hdear (Burnett) or Cryspdlold eoshio- 

‘phlh ceih ((hdlen, Warthin). -”Tbo apparently polymorphomuli'ar 
leucocytes of birds exhibit marked difiereuces from those of 
miurnnnls as regards tlie contained granules. 

These cudls in grouse a,T’e round, as seen in stained preparations, 
and measure from 9 g to 9*5 p in cUametor (figs. 10-12). The 
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Bucleiis t,‘ 0 !isi.sts of two or iiioro k>l)OS jiiicl iis in 

otlier wonis, is I'xjlyioorplious. The lindens is hiiil}-' well stRineil 
witili Jeiiiier’s staiii aiwl is coarsely reticular I It- 12), 'I'lie 

cytojilasm, stains very faintly. 

Eiiil)eddecl in tlie general (‘ytoplasm are a nuinbtsr of IxKlies or 
granules wliieli stain red with Jenner’s stain and are oxyphilic, 
tlie bodies are generally described as spii:idle-sha-]:)(:‘("l wil.li 
taper!, ug ends, but their outline lias also lieeu coin|iared, mih tliat 
of a torpedo or cigar (fig. 11). Other leucocytes are found witli 
thinner inclusions or ‘^granules’’ wliich are rod-like in sliitpe 
(fig. 10). 

Cullen (1903) writes: As to tlie iriture and origin of tliese 
spindles [inclusions in the cyto^itisiu of the leucocytt^s ] \'ei*y little 
is known that is definite. Tliey a,re corta;inly not artifacts, for 
they can be seen in fresh Hood as well as in dried spe(*iim>ns. 
Br. Siiiion is of tlie opinion tliat tliey may be dcriiHid from tlie 
second variety [the coarsely eosinophile leuccx^ytes,' mentioned 
next], in which granules ta.ke tlie place of 'Siiintlles; tlm.t; they 
are crystalloids and analogous, to similar formations that liave 
been encountered in certain- tissues in man,, and nota.bly in the 
epithelial cells of the seminal tubules. He thinks that th(*y 
result from the granules tl.i.rougli.]o.ss of water, and as a. ma-tter 
of fact it' is possil,)le -to,- reconvert ■ the crystal loi-ds into , gra.niiloH 
in the wet' prepara, tion, by .adding a droplet of a, dilute solution of 
oosin tl.ie side, of the 'cover-glass. Dr. ■■Simon ,lia8„{i]ao noted 
that in certain |)re|)amtioiis in wliich the eosinophilic niateiial 
is present' in 0 '.ne, dense, -appa-rently nndiflerentiated m 
crystalloids separate out upon tlur application of lu^atd’ 

In a few (jaKses, tlie centre of the spindle iKKlies is occnpied l»y 
a tiny circle.or dot, wliich does 'not stain as deeply as the .rest of 
the spindle and is refringent (fi.g, 12). Tlie , presence i,)f this 
central dot is noticealile in tlie case of large s|)iTH lies. 

- A.s regai’ds the staini,ng ' propertit^s of the spindli* bodies (m,‘ys’t',ai ^ 
loids), agree with ,1:1 urn ett t'liat . they a.re nc.it i,ntens(‘ly e(„>.siii,D'- 
philic, hut. that affinity for stains the [spiinlle] gramih‘s 
rcsomhlo tiui poljnniirphs rather thaii the et)sirio|diiles.'’ ( hdleu, 
on f-he, oth(,:a.* hand, -considers that the (.r,rysta,llt,')ids , sire mori^ 
oxyphilic than the tnie tM)shio|:diilB leu Peihafis the 

diil'erenci's of opi.nion . of "th'e vari(.ms .investigators are <vxplical,ile 
by rtllu viuxHiD slight variation in the sta. 

The <lisirril'mti,on .of tlie cytoplasmic inclusions :.W':ithin tlie'cell 
is (Uipondent on tlie shape and position of tlie liuclevis, 

, ",4. Modncyphile le/mocytes (Burnett)' or- marsely grmiuhr eomuh 
fMle/\oxf/phU^^^^^ — These '.(j'alls are also present in tlie lilooc'l of' 

n.oru'ial, grouse, (figs.,; 1 3--- 15), but are more numerous in the hlimd, 
of birds suffering from helmintidasis. The eosinoj ffiile effils m e 
from 8 g to 10 /t in diameter, and have a geiicual resemlila.nce t-o 
tl'ie-,- jiolyi,iior])lionucleji-r .leu'cocytes, ,only difieriiig, in , ilu?, for,m of 
.the i,n(,'‘lus.hms or -g,rai''mlGs. ' 
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The sl)a,pe of tlie eosinopliile leucocyte is round (figs. 14, 15) or 
soiuewfiat <|Madriia-teral (fig. 13), Tlie general, cytoplasm is pale 
staining am! slightly reticulate in structure. Tlie nucleus usually 
reseml:>los that of the polymorphonuclear leucocyte, and is mostly 
l)ilol)ed— -the lobes being coarsely reticular and usually staining 
fairly deeply. Tlie cell- body contains numbers of coarse, oxypliile 
(acidoplule) gra.nules which stain deeply with eosin. The ginniiles 
a.re often leiinded (figs.T3-15) ; they vary in size, some eosinopliiles 
containing large granules (fig. 18) which may be relatively fewer 
ill luiniber, while in other cases the granules are small (fig. 14), 
a.nd may be 3‘elatively more numerous. Eosinopliiles with large 
granules are the more pi*evalent. The contour of the granules is 
genei’a-lly round, lint sometimes cells containing somewhat ovoid 
granules are seen wliicli stain intensely with eosin. 

Occasionally eosinopliile cells ai*e found in stained films the 
gra^niiles of whicli vary in shape within the same cell, some being 
I'ound, some ovoid, and some almost spindle-shaped. Such cells 
and til eir contained granules may be some wha.t deformed in the 
nmkiiig of the film, otherwise it is difficult to classify these cells 
whicli are intermedia.te between crystalloid (polymorphonuclear) 
and graiiidar eosinopliiles. 

Mononuclear eosinophile cells are occasionally seen in tlie 
lilood of normal grouse, and perhaps represent an early stage 
of development of the polymorphonuclear eosinopliiles. Such 
nioiionucl ear cells are somewhat smaller than those depicted in 
]?1. LXIII. figs. 18-15, and have round nuclei. They are' rare, 
and are perluips analogous to the young eosinopliile myelocytes 
of man. 

5. jMxmt cdh (coai*sely granular basopliile cells) are present in 
tlie lilood of normal grouse (figs. 16, 17). They are rare. The 
cells are more or less rounded, with a. pale staining cytoplasm. 
The lutiileiis is usually rounded (fig. 17) or slightly jiolymorpli on s 
(fig. If)), and stains'blue with Jenner^s stain-— rather more' deeply 
tJia'nniniilfu:’ ( h41s in mainim 

Ihisophile granules, whicli vary in size and in numlier, occur in 
the cytoplasm. dljo gmnulea are usually roiinded and stain a 
d(U‘p pur|)lish colour with Jenner^s stain— in otlier wi)^ the 
grannies uiilmdiroinatic. Mast cells measure from 9, /t to 
lOT)' /!.' in diameler. 

(c) ':Thmmhoxyte8 also occur in the blood of grouse (fig, 4). In 
' the" fresh: condition they 'suggest yery narrow and slightly small 
erythrocytes.' They are 'of ten elliptical, with an oval nucleus 
centrally 'placed. ■ ■ ' 

When stained the cell- body is pale and vacuolated, suggesting 
a coarsely reticular cytoplasm. The whole cell is liasopldle in its 
rcad.ions, staining rather faintly blue with Jenner’s stain. 

Thrombocytes in grouse average 9 p by 4 p. 
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Tliese olemoTitrt ni;iy ' colled) in duin|ts, j'liel ' sliou' it, niM.rked 
te n i 1 e ii c *3' to A egm i ej .v itioi 1 . 

lied cells witlioot nodt'i w<"re occe..sio:iia.ll\' found in the ldoo«l 
()fdy'roiise. (Snell iu,)r!-iinclent)e eidls, lioweo'er, wore* rnrcn 

.At tiiiies tilunNMilsvi apjKS'iret'l to lie ;i rnniihei* of iiudei in 
tlie b'loiH'l of gi'oinse. in this ec>iu.ieei,i<m we :inay iiot;e tiiat. 
Wnrtliin (11K)'7) foinnl Khf) per cent, of (legenei’iiteil et'lls in t.he 
liioofl of oonnnl fowls. 

oecnr in tlie blood of grouse in sinnll lunnlji’i’s. 
Tlie cells, whicli are nucleated, are ronndei* tluin orythrtKW’ics, 
aiKi are devoid of ]ue.iiiog'lol:)i,n. Tin* nricleus of an er}’t}iroblfist 
is more splierical tliau tlmt of an eiytliriKnie. I'be ginieml 
cytoplasiu is hoinogeuetiu.s, staining blue witii (lienisads stain. 

The rnivnlier of hoKMicytes found per cubii* ndlliiuetre in the 
blood of a^ppareiitly hcaJtliy grouse varied from 22,000 to 50,000, 
a.veraging aliout 32,000 per e.inin. 

Tlie average results of the 'di.hereiitia-l counts of leiutocyi/os of 
tipi'iarently liea^Ithy grouse may lie taljtda,ted tlius : 

Lyinphocytes 57 per cent. 

^ ALarge in ononiidears ...., ^ 10 

Polyi:iK)'rphonuclea.rs '(crystalloid eosiinipliiles) .* 2'C) 

. Eosiiiophiles (coarsely granular eosinophiles).,. • 3 , ,, 

'Mast ceils, (baaophiles) ......a.,,.. ' VI 'i»V. ' 

The difficult eonqnitations are tihose of the laige iiioiuiivucdears 
and lyiiipliocyteH. There are many inediuni sized niononuclears 
in grouse, which dilterent observers ■'would classi.fy diiibrently, 

IMf . ■PATWcrnocuoALVBBooD. oiAiiioijsn^ 

The association of altered coliditions of the bIo(.>d witli the 
prcsmua^ of protozoa! parasites ha»s been notes I al really, and 1 lm\<' 
found (Hulia ill alt unit ions ill the relative proportions of tlu^ Itlood 

(‘ells of grouse, tliai) luvrlioiiroil 'Protiiziiii I'jciU'tMy'lH'iziKi, , Spiro- 

elm't<'s and ( loccddia,-— wli,ih,:M.)t}w are to be assiHdaliHl 

W i (d i b d n 1 i n t,)} li a si s . Th e I’csultis nmy 11 o w I n ‘ s u u n n ar i st -< 1 : 

(a) When ^Spiroc/mta | ( 1 5 10)| was j>res(‘nt ill 

ilui blood of gniuse,; as it ;was;T(). some (BNtfuit in i.wo speeinunm, ■ 
tb(‘ number (,if uuiiuinuclear iiicrc^ased and tlasse Immo 

c}dics l>c(!a.nio sliglii.!}^ erdarged' and ■va-'euolated (PI f,(X 11 b fig. h)'.'' 
Leva.diti (1901) .noticed the prescuiw^^^ vacuolat.ed unmoinudcar 
leucocybis in the blood of fowls inf e(;d-ed wit(h Apmic/aAu. //u//A 
varu.m, itogether with mononiKd ear ami poly ! h‘U(*,o(‘yi.osis. 

Balfour (1 908) found \aiciiolated in(>notxuclea,r leu(^<K*yi,(‘s in i.hi^ 
blood of .hisvls suffering from s|iiroeh®tosis in tlu‘ Sondaiu The 
i,nfe'et.bu , of .grouse witdi was proliably not nearly as 
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grejit Jistliat of fowls ‘with /S’'. gaUi/ia7’Ui7i in vest ;iga, ted l)y Levi'iditi 
juu'l Balfour. 

(/']) lllhe presence of Lmicocyiozomi lovaii in the hlood of grouse 
is associatcsd with monotiuclear leiicocytosis. A differential leiico- 
e}'to (H>unt of the blood of one of the grouse contaioing L. lovatd 
giivo ; 

Lymphocytes 63*0 per cent. 

-Ijarge mononuclears 28'() ,, „ 

Polyiiuirphouuelears 5*5 „ „ * 

Eosinopliiles 2*5 „ „ 

Mast cells ' LO „ „ 

ffhere was also evidence of polychromatophilia in tlie red cells 
of grouse infected witli Leiicocytozodn lovati. 

(y) Jdwieria ( ifoccuUim) avium also has its effect, indirectly, 
on tlie biocxl. Bii'ds suffei'ing from coecidiosis l:>eca,me arueinie, 
Tlie paleness of the blood is due to the diminished number of 
red cells in tlie blood. Estimations of the Inemoglobin value by 
'ra.]lqvist’s scale gave 60-70 in the ca,se of grouse cliicks suff'ering 
from coecidiosis, 80 90 for liealtliy grouse cliicks. 

Tliere is a,n increased numlier of polyraoi-plionuclear leucocytes 
(crystalloid eosinopliiles). Differential leueoej^te counts of two 
grouse-cliicks dying from coecidiosis gave : 

Poly 1 n o 1 - pi i o n ucl ea i‘s 

Eosino|)hiles 

I jarge mononTKdea.rs 

Lyiiipluicytes 

Ma.st cells , ..... — 

In Maiiniials a,n increase in. tire number of jiolynioi'pbonaelear 
leucocytes occiirB in inffa-mmation, especially locally. The 
increase in polyniorphoniiclear ■ lencocytes .(ciystalloid eosiiio- 
■plnlesj is proliably to be assoc iated.witli the iiitestiinil inffanima-' 
tion caused by. tlie presence nf 'Gpccidian parasites. 

'■ Bimila.rly in. a, fowl -cbick dying ■ of. coecidiosis, I obtained the 
folkiwing dilLmnitial leucocyte count : ■ - ' 

.1 ' . ':Folyni<:)rpboniiclea:ii's 
Eosi imp Idles 
Mononuch’ars ..... 
jjymphoeytes,’ 

Mast cells 

Idle blood of this fowl chick ^ contained basopliile %in die- 
slmped cells (PI. LXILL fig, 18).^ 

{c) Hdnmithkms is common in gi/ovise. Tdie va.rious worms 
found in grouse liave been well described by Shipley (1909). 

BiiriUftt f^'ivps tlie follawiajy lifeeiitial leucocyte count of normal UacFs 

blood: Folyinorplioiiuclears 28*8 pa* cent. r, <s>siuophilcs 3*3 p. c,, inono- 

uucleurs 5*5 p. c., lyxnphocytei^ 58 p. c., ceHsf 4*3 p. c. 



31*0 to 39*5 per cent. 
■■3 5 to 5*5 „ 

13*0 to 31*0 „ „ 
26*0 tO' 50*0 „ „ 
0*6 per cent. 
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Grouse wliieli woo'jd bei considered ptnd’ectly hy ivCepers 

lia.ve often coiitniiietl n few worms. Jdie (‘Musa.l fa.cJan* of iliseMse 
ill, adult grouse is tlie larval sta.ge of 7VkJu}!^tr<y^ 
as sbowi,!, lay the researches of l.)r. Leijiev (A.listr. ,Proc,. ZooL See. 
.'Loi'kL iNha, *80, M.'a.rch 1, 11)10). Tlie adult TrieJi.oHlriyugyU^^ 
iii the caica.of grouse, and sets up iidiamiuation th«-‘rei,iu Ju the 
lilooc! of til rta ’3 adult birds dying on the moors frou,i, grouse disease, 
I obtained dii.fe,re,ntml leucocyte counts wliiei,! may be thus sum™ 
nuiriserl : 

Eosinopbiles .23-5 to 42*0 per cent. 

Pol}un()iy)lioinKde^ir^ 7*5 to 14*0 „ „ 

M'ouomiclears 6*0 to 10*0 ,, „ 

Lymphocytes 44*0 to 62*5 „ „ 

Mast cells 0*5 per cent. 

Cloutrasting these counts with tliose given for tioi'inal gu*ouse, 
tlie occiuTence of eosiuopliilia. is deduced. All tliree of these 
birds, dying of grouse (iisea,se,” laid many Ifymimtdepls mderops 
in their duodenum in addition to 7Vichostron{pfi^^^^^^ in tiie caica. 

Eosinophilia is often associated with helmintliia-sis in nuinimals. 
lielmintliiasis in grouse residts not ordy in an increase in the 
nuuiber of eosinophile leucocytes, but also in a dimiiiutiou of tiio 
number of erythrocytes in the diseased birds. Thus the iiundier 
of red cells found in an adult cock grouse dying from hel- 
minthiasis was 3,250,000 per cubic millimetre— the number of red.' 
ceils for a normal cock grouse being about one million more. 
Tlie luBmoglobin value estimated by Tallqvists scale was 6() for 
a grouse siifferiug from helminthiasis and 8(}"4)() foibhealthy adiilt 
grouse. 

In spite of the incomplete cliaracter of this investigation of the 
lilood of til e grouse (due to the lack both of niateria.l a;ud time jit 
my disposal), I tliink- tliat there aro Butlicient results coni''ai,ncMi 
herein to emphasise the import^mce of- parallel investigations (.if 
"ti,ie blood in connection Avith iill anin,ml diseases. 
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EXPLANATIOjST op plate LXIIL 

i\ll figures were outlined with Abhe-Zoisn ciuneru lueida., using Zeiss 2 mm. 
apochromatic immersion objective and compensating ocular 12. Ib'epurations 
Mtuiiied with Jenner’s stain. 

ThtMiiagnification is in aU cases approxinnxtidy 200D diameters. 

Fig, .. l..Erytbrocyt.oofGronse, 

2. Ibytlirocyte of ' Pigeoin 

3. Erythroc) te of Fowl, 

4^ TbrondKwyte of Oroxxse. 

6,6. Lyniphooytes of Grouse* 

'7, B. Mononuclears of Gnmse, ■ 

4). Mononuclear lencocyto of Grouse showing vacuolatlons intenudlv* 
Fimn a bird mitfering froin slight spiro(diu!t:osiH. 

10-12, Polyinorphomiclears (Burnett) or crystalloid (mKinophile cells 
(ihilhm) of Grovise, In fig. 10 the cytoplasm ie eridosu res are rod- 
like, in fig. II they are spindlo-shap«ld bodies, while in fig. 12 the 
Spindle bcdiea have small clear central aieas, 

13-15. Eosinophile leucocytes of Grovise (coarsely graiuilar eosinophiles 
of Cullen). The figures ujpresent the variation in the size and shape 
of thtveosinophihi granules. Figs* 13, 15 represent tlie commotiost 
forms of eosinophiles, 

16, 17, Mast cells (basophiles) of Grouse, showing metacliromatic hasophile 
granules in cytoplasm. 

18. Elongate tailed cell occiUTing in the blood of a Fowl chick. The tdiick 
was sutfering from cOccidiosis. Eomo authors consider such spindle- 
shaped or tailed (x/lls to ho normal to the Idood of bird.s and rejftiles. 
Extremely few sxicb cells occur in the blood of normal Grouse. 
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5. 2^o(^loo'ie;ii liosuli"!? of Tliird TMi^^'jinyilGi i'jxpGilii.iGii, 
ci'HidiictfMj by T)r. W. A. ( birnni'igt'.G!i, 

■ /]9()5. — I'loiiorl. on tlio Ostnu^oda. .l'\v Pi’ol*. (i.i). Ba„hs, 
CbM.Z.S. 

[ laMipived F(‘l)niiU’y iJl, IIMO. j 

■ (Flafcos LXIV;AjXXIIIA'0 

i 1 , 1 , a paper j,>ii.l„>i)alieii in. tiio Baciefy 'a ‘ Proc-eed bigs’' (1 |>. 3> I, ), 

1 ha,ve given, a.n ae(‘ouiit of tlie C-op{*poila. found in the satnples 
t-a.ken liy Di.*. (Jiiaoington, duriiig the Third Tauga.Tiyikii iTxpech' - 
td()tg fi'oin tin? three large (.Jentra.l .African lakes, Mini 1 iiientioned in 
this pa|)t‘r tliat a. .MVindier of Ostraicuula iilsrHiccnirrar in tdie samples, 
S(.>ine of the spi?cies havii'.ig idready lioen observed l>y I)r. CJun,'- 
iiingt(.)n, and sepa.ra,t(?d 'by hi.iu in sirmll 'ttibes, I !m,\M:v' now 
exainiried The material more <^loHe].y, and 'give in the |:)resent. pe.per 
i'iU aceonnt 'of th,e specdos acc<.)i.u.paa'ned.'- by cai‘ef(,{,]ly dra-wn iigiiren 
of 'ail of .tl.iem, Tim number; 'of species '(ieterniined a.mourits to 
no le'ss'than" 29 .in ).')elon:g.ing to Talifierent genm'a,' 0.nly two 
of tliese species 1 have lieeireiiaddef! to i(!eidTy wiiT preN'ioiisly 
«l.esend;>ed,' fori'.ns ;, ail 'tt.m others se'eni' to he new to scioncc*. (n 
tlie 'follow'ing pages ,'1 ..give. short deseriptiotis (d’ all fbo spc’eiiss, 
with ixyroa.rks rni affniity ainl occiirrenee, a.inl at tlu; elost^ <d' t»ho 
papiea* soxne genend re,rnarks.' are added., ■ ■ ■ 

Ihscripimri'of the 
Family-.O y r 

..Genus- L.'PAKAomuA, gen. in, ' ' ' 

' (fp.iUTie OfianiHers * — Hhell ctanpressedg'of various form i}„i 'tiny 
(li{!br{att .sp(!ei<‘s, in some cases iipproaiihing that in f in 

otlie'r , ca-ses " 'very di'llercmt,. iK?i'ng, '.'as'a 'rule, vc'iy t]',iir,i am'l', p<,„il'i,iei('b 
so as to idlow the oncdosed aniinai to be rathm* disianepy iraa(‘d 
tliroagii its walls. Valves more <a* less uiMVjnal, the right, one 
iKa’ng tlaj sma.ikn* sunl in smna cases conspicaumsly o\erla|»fH‘d 
]y the ](db both in front a.utl behind. Hurfm'e of shell taore 
gtajerally smooth and only very sparingly hairy at eac.li exi.rendiy. 
Limbs on the whole Imilt upmi tlm samc^ typ(‘ as in Fyyr/Vr (scih 
the detail-iignros given -on Fh LXV. of cna? (if t.he spcK-u^s). 

( Jamlal rauii comparatively short a,nd more or less cairxHab tapocing 
distally, (]or.sa,l <j<lge smooth; termijiai claws of moderab* size; 
dorsa.1 seta. gein'raJly well developed, apical seta, very smalL 
liderior antenna? of male with tlu^ third joiiit distinctly sole 
divi<hHh (Jo pu la tory appendages each terminating In a. iK^a.k like 
wcti-emity ccmsisting oi* two javvB, one of which is mobikx 

^ for eJiplaimtion c^f tk' Fktp« p. 7c7« 



P.Z.S. 1910. PI LXIV, 



G.O. Sars 


1- 6 . PARACYPRIA DECLIVIS G.O.SARS 
9-10, P. CO.MPEARATA G.D.SARS . 
11-12.P. GONOmEA G.O.SARS, 




RZ.S. IQIO.PI.LXV. 



PARACYPRIA OBTUSA G.O.SARS. 







G.O. Sara. 


1-4. PARACYPRIA HENIFORMIS G.O.SARS. 

5-9. P. HUMILIS G.O.SARS. 10-15. P- OPACA G.O.SARS. 




aUU 


P.z.s. IQlO.PLLXVn 



MO, PARACYPRIA CLAVTFORMIS G.O.SARS, 
11-17 P.FLEXUOSA G.O.SARS. 




P.Z.S. 1910. PI LXIX, 



MO. CYPRIDOPSIS OBLIQIJATA G.O.SARS. 
1M8. C. SIN.UATA G.O.SARS. 




P.z.s. 1910. PILXX, 



1-3. CYPRIDOPSIS GUWNINGTONI G.O.SARS. 

4 6. C. PUSILLA G.O.SARS. 7-9. C. MONODONTA G.O.SARS 
10-12. C.SERRATA G.O.SARS 




P.Z.S. 1910. PLLXKI. 



1-3. CYPRIDOPSIS BIDENTATA G.O.SARS, 

4-6. C.TUMIDULA G.O.SARS. 

7-9. C. CONGENERA G.O.SARS; 10-12. C. GIBBA G.O.SARS. 










1-4. ILYOCYPRIS PROPINQUA G.O.SARS. ^ 
5-7. I . ALTA G.Q.SARS ,^^ : ^ ^ 

6-14. L.IMNICYTHERE OBTUSATA G.O.SARS 
15-17. PARACYPRIA CURTA G.O.SARS. 
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OSTIIACODA FItUM TAXOAXVIKA. ' 

Eja.ciiLihory tul)es eaeli witls eiylit wlioris of cliitinous stripes, britli 
exta*eiiiities conspicuous]}^ dJlaterl and encircled l'>ya row of coarser 
spiiiiforiii processes. 

Eeryiarks , — The type of this- new genus is the form described, 
liv the present auttior fi-om a, l..>ra.ckish -water la, goon on the 
Chatham .Islands under the name Paraci/pris tenuis^. It wa,s, 
indeed, only , with great doubt that I provisio-ii.-'illy referreil tins 
for,ii.i to tlie marine genus Panwyjwk G. O. 8a,.rs. I now find 
that it is much more closly .i-elaterl to tlie genus Cyprid Zericher, 
for which reason I propose ..to '.name the .new genus Paracj/prifL 
Tlie species from the Ghatham Islands is ch:>sely allied to sf in ic 
of the Tanganyika species, a.s will be shown, below. , No less than, 
twelve dillereut species referable to this genus have been found 
in tlie sa.mples, 

1. PARACYriuA UEC’Livis, sp. n. '(Plate LX,I,V. 'figs. 1-8.) „ 

. SpejM^c : (Maraciers, — Female. .Shell moderately coinpressedi; 

. seem lateially (tig. T) of, oblong cuneiform' shape,, greatest lieigl'di. 
occurring ■ somewhat in front of the middle and,' not , att:ai;o,ii,"ig : 
half the length, anterior extremity obtusely rouiuietk posteiior 
imicli naiTOAver and ending below in a somewliat conical I)] iint 
cornel*, doi'sal margin strongly curved in the middle and sloping 
evenly l')eliind to tli'e posterior corner, vei.h-ral niaigin I'searl}^ 
perfectly stra,.ight; seen <]orsally (fig. 2) narrow .oblong in form, 
with the greatest widtli about equalliug one-third of the Imigtir 
I’lotli exti.‘e'm,ities acumimrte', side-edges -nearly .parallel 'in the 
middle. Valves only .sliglitly nneipml ami very tb in and pGlneid, 
'with ve'ry slight trace of luiii's at tlm. extrenilties. ' -SiirhuaM)! 
shell quite smooth and shining, without any distinct scnlptiii'ing. 
Limbs (figs. '.4, -5),' o.u 'the '.'w.lmle, very . like tliose. in' .the tyjM^ 
species; the slender dactylns of the anterior legs (,fig. 4), how- 
ever, (jiiite smo{.)th, without any trace of lid.eral dentich-s. 
C,ttudal rami (tig. b) slightly curved at the lja,se ; claws latlier 
st,rong a.ud perfectly smooth, the distal one mucls tlie hirger ami 
exceeding half the length of the ramus; dorsal seta, smudl, bul. 
distinct, 

Mai.e (fig. h) a little .sma.ller than fema.ie, ami haAihg the shell 
somewhat less vaulted dursally* Prelieusile palps of pnsterior 
maxilhc (figs. 7, 8), as ustial, somewhat une([U}d (Ui left and rigid, 
sides, and ajjparently differing a little in shape from thosf^ in lire 
type'' species.'-; ■l.'b'l.'Cb'' 

Length of shell 5 ^“^*^41 mm., height 0-42 mm., width 0%‘h) mm, 

/iV//no*/'.s’. -This Lvrrn is closely allital It) the type .^peei<‘S, 
(‘xhibiting a very similar shape' of the shell. It is, however, of 
oonsidcrably larger size, and moreover diffei's in the loss com- 
prt'sstid sliell ami in the more robust ami (|uite smootl) caudal 
clav's. Nor is th’ere any trace of the fine denticles found hi' 
,/t tajuiib ou the dactylns of the anterioi* legs. 
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Occurrence , — Bolitaiy specimens of tins fine species were foiiinl 
in three difi'erent samples from Tanganyika. One of these samples 
(88) was taken 7/9/04 at Niamkolo (>S. end of lake), another (97) 
19/9/04 at about tlie same placej-and the third (138) 13/10/04 at 
Simibu (8.W. of lake). 

2. Paeagypria aoMPLANATA, sp. li. (Plate LXIV. figs. 9, 10.) 

Specific Male. Bliell highly compressed ; seen 

laterally (fig, 9) oval renifoim in shape, greatest height occiiri‘ing 
about ill the middle and equalling half the length, anterior 
extremity obliquely rounded and somewhat dellexecl, poKsberior 
narroAver and obtuse at the end, dorsal iiiai’gin almost angularly 
cnrAnid in the middle and sloping behind with a sliglit curve to 
tlie posterior extremity, ventral ma-rgin slightly concave in the 
middle ; seen dorsally (fig. 10) very narrow, Avith the greatest 
width scarcely exceeding one-quarter of tlie length. Valves 
rather pellucid and somewhat more unequal than in the preceding 
species, the right one being conspicuously overlapped by the left 
at the anterior extremity below. Surface of shell Avith* scattered 
dots and finely hairy at both extremities* 

Length of shell 0-96 nun., height 0*49 mm., Avidth 0*24 mm. 

Rmrmrks .-^ — This form is of still larger size than the preceding 
one, from Avhich it moreoAmr differs conspicuously in the form 
and sculpture of the shell. The structure of the several appen- 
dages could not be sufficiently examined in the solitary specimen 
found, but 110 essential difference in this respect from that in the 
preceding species AAxis to be traced. 

Only a single specimen of tins form, a fully 
groAvn male, has been secured. It was found in a sample from 
Tanganyika (242) taken 1/3/05 at Xaboge (F.W. shore of the 
lake). 


, 3. Paeagypria coxoidea, sp. n. (Plate LXIV. figs, 11, 12.) 

Spmifw (fiarci€tcrs,--MAhiL Shell ratlier corapreissed ; seen 
laterally (fig. „11) of a uianw, . somevvhat conoid shape, great(;*st 

heiglit occurring far in fit>nt and about eqimlling half" tlie length, 

anterior extremity., evenly rounded' and mucdi broader th.an tlie 
■poBterior, Arliieli is conically ' ta.pered, 'thongli olitiise at the eml, 
dorsalmmrgin : gently curved and sloping ' evenly .behind to the 
'posterioi:* corner, .'ventral margin ' nearly straig]:,it ; seen 'dorsally 
(fig. .1,2). narrow ,A)blong in- form, with .'the greatest , width about 
e'qualling one- third of the- Mength, /both .extremities obtusely 
acuminate. ' ' Valves moderately 'pellucid- and ratber unequal,. the 
light being 'co,nsiderably overlapped 'by the J,eft. 'along the whole 
'^anterior extremity ;'. 'lip .of; the Mter , s'onmwbat . tliickened and 
giving' origin'- to a..row'.of very '-delicate hairs.., . Surface' of '.shell 
'vlotted' in,ii'"siniilar manner fio that i'n R, complmiata, ■ "" 

A', .."Length of' she'110;49 niin., .height '0--24' inm.,. wid,th'0*15 mm. .- 
, dldiis , is , a. ratine.* .small species, 'being'. scarcely more. 
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tha,ii half as large as F. complauata. The specimen exa.mioed is, 
liowevei*, evidently fully grown, as proved by the well -developed 
ejaculatory tubes sinning through the pellucid shell. The shape 
of the latter conspicuously differs from that of either of the two 
preceding species. 

Occurrence ^ — A solitary male specimen of this form was found 
ill a sample from Tanganyika (138), taken 13/10/ 04 at Siinibu 
(S.W. of lake). 

4. Paragypria obtusa, sp. n. (Plate LXY.) 

Sjiecific Chcmicters, — Female. Shell moderately compressed ; 
seen laterally (fig. 1) of oval oi* elliptical siiape, gi-eatest beigitt 
occurring about in the middle and slightly exceeding lialf tlie 
length, both extremities obtusely rounded and nearly equal, 
dorsal margin gently curved with trace of an angle behind the 
ocular 1 ‘egion, venti-al margin very slightly concaved in the 
middle; seen dorsally (hg. 2) oblong in shape, greatest wicitii 
somewhat exceeding one-tliird of the length and occnning a little 
behind the middle, anterior extremity narrower and more 
acuminate than the posterior. Yalves rather tliiii and pellucid, 
conspicuously unequal, the right one being overlapped by tlie 
left along the wliole anterior extremity, as also a little behind ; 
anterior lips of botli valves bordered by a very tliiri and pellucid 
rim. Surface of shell exhibiting a very fine longitudinal stria- 
tion, only visible under high magnifying-p)Owers (fig. 4), and 
clothed at each extremity wdtb extremely delicate hairs. Inner - 
coating of valves exhibiting a somewbat irregular reticula- 
tion, more conspicuous at the anterior extremity (fig. 1). Liml)s 
(figs. 5~11) on the whole somewhat more strongljb built 
than in the type species, but otheiwise identical in structme. 
Caudal rami (fig. 12) slightly curved, with the claws moderately 
strong and less unequal than in ,P. decUvis, the distal one a, bout 
equalling half the length of the ramus; dorsal seta Avell developed 
and rather slender. ' 

Maj^e (fig. 3) of about same size as female, aiid having the 
'shell very similar in shape, -'iSeximlmhaiactens, manifested in. 
the structure of tlie infeiior antenna (fig. 13), the palps of the 
posterior maxill?e (figs. 14, 15), the copulatory appendages (fig, 1(5), 
axid the ejaculatory tubes (fig.'.- 17), .agreeing exactly wifch those -'in 
otlier species of this genus. 

Length of sliedl ()'63 mm., height 0*33 mm,, width 0*22 nain. 

' M&murks, --In , the- general 'shape and sculpture: ' of , the'-nbell, -' 
this form exhibits a certain resemblance to tlie species of the- .genus 
Gypria ^Jlencker, - and,",, indeed, at fi-rstl.'was, inclined to 'regard it, ' 
as a'member-of ' that'-genus.’.;’'. On 'a' closer ''compa.risbn and.'exanii- 
nation of the several appendages, I find it, however, impossible 
to separate this foim generically from the other species here 
recorcled as belonging to tbe genus Faracypria, 

£)ccwrr6?>ic«.“This species seems to be by fax* the commonest 
of the O.strucoda of the Tanganyika Expedition. I noted it 
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I'D live of t'iie samples from. Ta.'iigai'iyi'k'a. arul in some of 
it occurred rathei* alnindantlj. Tlie localities a;r<» as follows ; 
,No, B“3, Kitiita Buy (S. e.n«l of la,ke), No, D7, Minnikciiu 
(S. ent] <'),f lake). No. 138, Suinbn (BA^. (jf lake), ,No. 109, Ivaio. 

(E. sliore of lake), No. 24d, Baraka (NVW. sliore). lu tln^ Iasi, 

iiaiiied locality it seems to have occurred iri grea,t atmn<];inc«\ 
.a.i:Kl 1:1 good 'many of tlie specimens capt'irred had also l.iem'i. 
separated from the sample by Dr. Ciiiiningtoii aiin'l pl.aceil in a 
small t'lifje. 


5, Paiiagvi^iua deflkxa, sp. n. (.Plate LN’Vl. figs. l-Ck) 

Specific ( 'haraders ,- — Female. Siiell moderately compresseil ; 
seen laterally (fig. 1) of oval, reniform shape, greatest lieight 
iHiRMirring soinewlia.t i>eliind tlie middh.^ and slightdj exceeding lialf 
tile lerigtln anterior extremity evenly rounded, posterior seari-el}" 
iiarrowei* and oldiqm^ly deflexed, terminating in a.ii oifaisely 
trifingiilar eoimer, dorsa,l margin evenly curved 'witfi thct great<-‘S'fi 
curvature behind ti.ie middle and shqiing rather steeply to the 
defiexed lii'ud corner of the ksIicI I, ' ventral margin '?ei*y sligiitl.y 
concav^e'' i'n : the middle; seen doi*sa]ly (fig. 2) oblong-ovate in 
form, "with the'gi’eatest width exceeding one-tliird of the l.eugtlr, 
.fiiiterior extremity someAvhat narrowei’ than posterior. 'Valves 
I'a.ther unequal, ttlie right being considerably 'overlapped by tlK.i 
left both in front and behind, anterior - lip ,of left ■ valvG,(:fig, ,4) 
.e'xlii biting a; some-Avhat thickened zone -crossed -byiiin'ne'ro'us grooves, 
■from the bottom of which delicate hairs arise. Borface of 'shell 
-smoot'l'p and sliining, though, exhiliiting a. few small "d'ots - simili-'ir 
to , those found ill P.. and F. '■ (mioidea, ' Muscular 

iinpiressions in the centre of each vahm (fg. 5) very distinct and 
arranged as in the other species of this genus. 0a,iida] rami (fig. h ) 
distinctfy curved; claws uioderateiy strong and only siiglitly 
unequal, tlie distal one. exceeding half thedengtli of the ramus; 
dorsal seta< well developed and lather slender. 

'Male (fig.' 3) ,a li'ttle smaller than -female, "l>ut exliihiting ;i 
cdijsely siriiiiar shape of' tlie 'shell, 

Lengtli of shell .J-. 0*75 mm.; lieiglit 0’40 n'lim, wiiitli OAhimm, 

Feniarks.—hi external appeara-nce tliis form somewimt n-‘Hmn I iles 
-„a, Caudona^ '.tl\e sliell - exhiinting J'n tlu3 lateral j’lsjietf} a, n'iD:ier 
.-similar, sl-mpe and ha'ving -the hind- corner deflexed iii--a simikir 
.manner to tlai.t found 'in the more typical spcicies of thaf) gei",ms. 
..It, .is, liouAwm*, a true F<mmypri(iy prove'cl by the exa.i'ii,ii'ia.ti(.'n'i 
-of the seA’oral apj>(:.aidages, w.i.ncli agree el{')sely.''i'n.striiet'm‘e wii.'.i'i.. 
tliose in ./t ohiusa, 

(Jccanfmm.--Ql .'this species,- a.iso -a considei'u.ble 'imm'ber of- 
spec i n uai s. ■ lias ./.been 'secured,. ■'■ I- .ha've- noted ■ it in- four ■(■if -.the 
dhngaTiyika sain pies. In two of these samples (138 and 240) it 
ot'fu uand ratlier plentifully in company wiB^^ l\ ohtnm. in j,ho 
other two (97 and 169) only solitary specimens were fonruL The 
localitie's.' from -wh.i(d'i 'th.e sanip'les-Avere taken have heeu re<,‘orded 
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110 Lirge duets conipariible witb tliose we have >see]i in the gdiiids 
eoDsisting of folded epitlielium ; on the contrary, the only ducts 
visilile a.:re naiTow slit-like channels occasionally to he detected in 
their course between tlie cells. These narrow^ cliannels vary in 
widtii greatly according to the state of activity of the gland; they 
jii/e necessai'ily nmnerous (though by no means always to be 
observed) in order to provide means of exit to the suidace for a.ll 
the luiinerous cells concerned, and they open on the gkind surface 
inside the bladder lumen liy smail pores. Also penetrating the 
mass of tlie gland are nmnerous fine capillaries supplying tlie 
individual cells with nutriment find oxygen on the sides remote 
fi-om those facing the ducts just mentioned. All the intracellidar 
stractiires previously inentioned as occurring in connection witli 
cells of the gas gland ai'e here shown in a very obvious manner. 
Figure 50 (PI. YI.) shows intracellular lamina, one in longitudinal 
section. As to the sign itica nee of these intracellular passages found 
in gas gland cells, it is not necessary to rega-rd them aJl as possessing 
purely a nutritive utility as Yusba.um & Eeis have supposed ; it 
seems inoi*e probable, judging from their appea, ranee in such cases 
as tiiatj illustrated in tigui’e 50, that some at least are concerned 
with tlie passage of the gas bn bide, from the interior of the cell 
to the exterioi*; they are very rai*e in their oceuirenee in my 
prepariitions and in transvei'se section closely resemblei bubbles, 
especially if near tlie nnclens, Tlie wh(denias,sof cells composing 
the gas gland is therefoi’e jienetrated by capillaries and gland 
lumina. I liave not observed a panel eas in tlie region of tlie 
I'ete in O-phMimn. 

Other Examples of the Third or Opbidiiim Type of “ Bed Body!' 
Eox LOOPS L. 

The “red body of Box hoops has the curious macroscopic 
appearance shown in figure.’ 51 .(PI.:. YI .). Figure 52„ (PI. YU.) is a, 
diagram of a transverse section throiigdi thtU,Bicldle of the “ red 
body,” and the appearance of two concentric .loops' is thus seen to he 
due to tire disposition,, of 'tlie rete .mimbile.' ^ The prinmiy nxterj 
a'ud .vein enter, flie “red .body” posteriorly and Ineak.'u p', into ■ 
sii'ialler arteides and veins, (intermingled with pancreatic acini) to'^ 
form the .reternirabileas usual.’, . The glandular epitlielium consists, 
as, in Oplmtnmi^ of a liiass of cells , iirterpenetrated' by ,ca,'pillaries 
a:Dd ,'li:nr'n,na 5 but here the cells are all appinxiioatelj equal, in. size., 
and the. gas gland is, more 'than a’dozen cells thick. ,,V ' ' _ ■ 

A/mimiNA :he;itoito',L. 

In uiacroscopic. appearance tlie “,red body ” (£ AtfimnM liepseius 
is diMuse. in form (PL Y" I. fig. 53) and consists of tufts of retia 
mirabilia borne laterally on a median pair of vessels (artery and 
vein) with corresponding tracts of glandular epithelium. Ilie glan- 
dular epithelium (Pi. Yll. fig. 54) is very similar to that of Box 
hoops ; in otliei' words, it consists in its thickest parts of a, mass of 
small cells, seven or eight cells in thickness, with inter- and 
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occjisi()iiJil iiityrji"eelliilj'ir ducts and cajn’lljiries, 1 1im,vc riot/olisorvi’d, 
a. paricia'.as in th(‘ region ot t.lie ivte. The cell ouiiliiies ol: the 
g.MS gland are faint and a small aanount ot' granuliu; lufiterial is 
present in tlie bladder liiiuen in my preparation. 

I statcul above tliat the massive type of gas gland Is (jiriiiO 
distinct from, the folded ty])e in eei’tain genera,, a.iid, indeed, t.hese 
two types of bhulder epitlieliuiu are almost a, 1 ways easily distfm 
giiisha.ble from eiich other in the genera wrhich 1 luive studical : 
genera,, with a few exceptions to be mentioned, eitlier possi'ss 
tLie folded or the massive type of gland ami not glands int(n‘- 
mediate in structure. In young specimens of Atherina nluait 
15 mm. in. length, that portion of the bladder epitlielinm whidi 
is al)out to |)rodiice the ga,s gland is at fu'st com])osed of a, singU^ 
layer of culiical or short columnar cells, and it is wertby of notita^ 
tliat these cells, in order to build up the fidly-forined massive 
gland, all divide at right angles to the plane of the lilaihler wall 
(PI. Yll, fig. 55), i c, the successive planes of cell-ciea.vage are 
]>a,rallel with the plane of the bladder wall—tho inhvia,! tnsilnininnr 
epithelium never becoming folded at any stage oi devi:‘h.)[)nien1-. 
.As the gas gland cells luultiply connective tissue cells may he 
oliserved to extend in betAveeii them in order to furnisli iJie 
connective and vascular tissncvs ■whicii penetiate tiie ma,ss of the 
gland when fully formed. Also if figures 54 ajid 55 be (xmtparijd, 
it will 1)6 seen tliat the cells (especially the iiuchri) of the gas 
gland of the adult JfAe/'bia are noticeably smaller iis cimipared 
with those in tlie young fsh. The fact tliat there is no iiniicaticn 
of folding of the bladder epithelium during develcipment of t!m 
massive type of gland is important, since lleis (64) supposes, on 
the ground that tli ere exist forms of bladder epitlieliiini iiiori* 
or less iritermediate in structure between the fohled a.nd massive 
types, tliat the latter has been derived from the fonma*, and if 
such be the case wo might expect that the massive type* of gla nd in 
its development would pass throngli a fohleil devehipiiufiitiil stagm 
As w'e liave seen, this is not the case in A tharhm and presumably 
not in otlier genera possessing typically nuissivegliiiids. 1 assiirm' 
tliis with the more confidence since in some gas glaials wliicli, 
owing to the ' exceedingly close apposition of the folds, n,t hist 
sight apipear to l>e massive, it is always possilile to refer them 
at once to the folded type by ohseiving in each such cjis(‘ tlm 
inargins of the gland wlvere it merges into the S(|iiainous efh h(^ 
lima liiiing the greater p{i it of the bladder cavity, since Imv thi^ 
ihlds are'qiiite siniple',: such- marginal inkls are, 'never 'present in 
' tnio massive glands, 

Eeis, in contending that the massive typo of gland is Imt a 
derivative of 'the folded .. type, 'mstances ■ as' transitional foruas 
between the two types the gas gland epithelia of and 

CHrardmus. : . I have not examined ATrar(ffa€ns*,'hn the gas gland 
epithelium of my Hiiecimem of certainly not he 

; 'sa.id to 'be 'tran.sitional,fiince, asmyclescTiption above of this i^pitho- 
liimi clearly sliows, the massiveness of the gland mereiy nnsuH.s from 
the extreme length of the folds and. their occasional anastomosis: 
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6'. PaEACY,PEIA SUBANGUL.iTA, !^p. 11 . (Plflto LXYl. .figs, T--11 .) 

Specific Characters. — Female. Sfiell soniew.lui,t less corivjiresseHi 
than in the }:>receding species; seen iMterally (fig. 7) !.)rc.>Rdl}'' osti.I 
ill form,' greatest height occurring nea.rly in tlie middle and 
considerably exceeding lialf tlu^ lengtli, anterior extremity' 
obliquely rounded and suliaiigular lieloiv, posterior scarcely 
ri:'U.Tower and terminating in a slightly defiexe;! obtuse corner, 
dorsal iiia.rgin forming a rather even {n.rrye, yentral almost 
straight ; seen dorsally (fig, 8) oblong-oval in shape, greatest 
width occiiriiiig behind the middle and almost attaining lialf 
tlie length, l>oth extremities somesvhat blunted at tlie end. 
Valves less pellucid than in the preceding species and very 
imequal, the riglit one being considerably overhipped liy the left 
both in front and behind; anterior lip of right valve sinqde aral 
eveiih' curved, that of left va,lve (fig. 10) forming below an 
abrupt angidar liend and exliiliiting inside the hyaline liorder a 
thickened zone crossed by a, numliei' of somewhat irregnlai* 
liranching grooves. Surface of shell smootli and very finely 
hairy at each extremity. Caudal ra.mi (fig. 11) considerably 
curved ; cla,ws of moderate size and slight!}^ uneqmil, the distal 
one about half the length, of the i-amus; dorsal scdn slender arid 
elongated. Ends of o\’a,ria.l tubes in tliis and tlie tw'o preceding 
species deflexed. 

MaIxE (fig. 9) a little smaller than female and liaving the shell 
some'wha.t less vaulted a, 'hove. 

Length of slieli 5 0*8(> inm., heiglit 0-48 nun., widtli 0*39 .nun. 

lieniarks , — This form .is undoul.)tedly nearly relatei,! to, tlie tw.o.. 
pi'eceding speci.es, but is .of considerably "la’.rger size than. e.ither 
of tlieiii, a,nd is, moreover, easily recognized by the more 'vault, ed 
shell and especially 1>y the pecidiar angular appearance <.if the 
a,:nterior extremity caused by the projecting lip of the left 
valve, 

Orcarrciice . — Only th:ree specimens of this form, two females 
and one male, have come under my notice. 1 die 3 r were found in 
a sa.mf)le from Ta.nganyika (53) taken 9/8/04 at Xiainkolo. (S, end 
of tike). .. 

'. 7. ,PA'.i.ucnMu.iiA 'REX'i ' (Plate LXVIL figs. '1 --d.) 

>Shell not much c‘omprcssed ; se<m 
laterally (fig. 1) oblong reniform in sliape, great;<.‘st height oiamr- 
ring 'in ■ the .middle’ and . not' nearly attai'ning Imlf the length, 
antmdor' extremity,' evenly 'rounded, ,p,osterior somewlrat narrower 
and olitiise at .the: end, , not defie.xe.d,. dorsal margin forming n, 
quite even, ■ciu.we Throughout j' ventral one ratlier deeply sinuated 
ill the middle; seen dorsally (fig, 2) oblong fusiform in shape, 
greatest' 'Width "exceeding' one-third '.'.'of' the length ami occurring 
in' tlie( '■niiddIe',-.'b'oth,' extremities acuminate. Yalves very thin 
;' '.and pellucid, only' ■'slightly unec|.ual'";'.left. waive, however, as usual, 
overlapping tlie right a little along the anterior extremity ; lips 
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of botli valves tliiii and 'pellueid. Surface of sliell quite siiiootln 
without any ti*a.c‘e of seulpturcj 'but distinctly iu:iiiy fit both 
extremities. Eye very large and conspicuous. Anterior legs 
(lig. 3) niiicli more coarsely built than in a,ny of the |.)re(fe(Mng 
species, dactylus very .strong, with falciform curve and elotliiHl 
iii.sicle in it.s outer part with fine Mpinules. Cfiudal rfiuii (fig. 4) 
of the structure characteristic of the genus, being slightly curved 
a.t tlie base and a little tapered dLstally; claw.s ratlier strong and 
finely spinulose inside, tlie distal one about half the length of the 
ramus ; dorsal seta well developed. Ends of ova.rifil tubes not 
deflexed, but extending upwards along the posterior edges of the 
valves (%, 1). 

Length of shell 0*61 mni., height ()'28 mm., width 0*21 mm. 

Ileniarks . — This form is easily distinguishable from any of the 
preceding ones by tlie narrow and pronouncedly reniform shell 
and by the coarsely built anterior legs. In tlie structure of the 
other limbs I have failed to detect any esseiitifil difference from 
those in the preceding species. 

0<;ctwT6?me.~-0iily two female specimen.s of tliis form Imve come 
tinder my notice. They were found in a sample from Tanganyika 
(169), taken 18/11/04 at Kala (E, shore of lake). 

8. Pabacypria htjmilis, sp. n. (Plate LXYII. figs. Tn-O.) 

Specific Oharcicie7's.--—¥EMAii'B, Shell rather compre.ssed ; seen 
latei'ally (fig. 5) of narrow elliptical form, gre^itest height occur- 
ring about in the iniddie and not attaining half the length, both 
extremities obtusely rounded and nearly equal, donsaj niargiii 
veiy slightly curved, ventral nearly straight ; seen dorsally (fig, 6) 
narrow oblong in form, greatest width only slightly exceeding 
one-third of the length and occurring behind the middle, botli 
extremities some wdiat blunted at the end, the anterior ua.rrower 
than tlie posterior. Yalves i-ather pellucid, though not so thin 
as in P. renform.is^ and only sliglitly unequal. Surface of shell 
smooth, arul finely haiiyal each extremity. Anteiioi’ Ieg.s (fig. 8) 
resembling in stiiicture tliose in P. 'being very coj trsc-ly 

built, wvitli tlie dactylus sti'ong and abriiptiy curvtMjo'it the end. 
Caudal rami (fig. 9) markedly curved, claws nioderiitely .sti'oiig 
and quite smooth, dorsal seta, veiy small. 

' M'ale (fig, 7) of about 'same size as female,' and scarcely differing 
in ■ the ahape of tlie shell. " 

Length of shell 0’48 mm., height 0*22 nuo., width OTli nini, 

:Pe'»:af'/l*s.--~ThiB is .■■a very small species and may .easily 'he 
recognized by 'the rather regnlar elliptical sb ape 'of tl:ie slielh' It 
is' undoubtedly , nearest allied -'to P. reniformis^ exhibiting, a' very 
similar strong development of the anterior legs. 

'' Some , few 'SpecimeiiKS' of ''this form 'were found in a 
sample froinYIYnganyika''(138), taken ■13/10/04 'at Sumhu (S.'W. 
of lake), arid', a 'Solitary' mal'e’.'.specimen was '''found in the*:, same 
simple (169) 'in '\vMeh 
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9. Paracypria opaca, sp, n. (Plate LXYII. figs. 10-15.) 

Specific Characters . — Female. Shell modei-ately compressed ; 
seen laterally (fig. 10) oval in shape, gi*eatest height occurring 
somewhat in front of the middle and exceeding half the length, 
both extremities obtusely rounded, the anterior one somewhat 
broader than the posterior, dorsal margin almc st straight in the 
middle, ivith slight trace of an angle immediately behind the 
ocular region, ventra,! margin very slightly concave in the 
middle; seen dorsally (fig. 11) oblong in shape, greatest width 
somewhat exceeding one-third of the length and occurring hehiiid 
the middle. Yalves rather thick and moic or less opaque, so as 
not to allow the limbs to be traced through their walls ; left valve, 
as usual, a, little larger than right and overlapping it along the 
whole anterior exti-emity, anterior lip of this valve considerably 
thickened and crossed by a number of somewhat irregular grooves, 
some of which divide at the end into fine stripes (fig. 13); 
inner duplicatures of both valves rather broad. Surface of shell 
of a dull appearance, being sculptured by numerous impressed 
dots, larger and more distant in the centre of the valves (vsee 
fig. 12), very densely crowded in the peripheral parts, where they 
are partly arranged in curved lines (fig. 10). Anterior legs 
(fig. 14) less strongly built than in the two preceding species, 
with the dactylus rather slender and only slightly curved. 
Caudal rami (fig. 15) almost straight, claws of moderate size, 
dorsal seta, very small. 

Length of shell 0*63 mm., height 0*34 mm., width 0*22 imn. 

Remarks . — By the thick opaque shell with its pronounced 
sculpture, this form looks very unlike the other species of the 
genus. On a closer examination of the several appendages, 
however, I ha.ve failed to detect any essential difference in tl\eir 
structure from that of the more typical species, and find it thus 
impossible to separate this form genericaliy. 

Some few female specimens of this species were 
found in the same sample (138) in \vhich P. 

Solitary specimens were, moreover, found in two other sa.mples 
from Tanganyika, the one (82) taken 27/8/04 in Kituta. Bay, 
the other (97), 19/9/04, at Kiamkolo, both localities lying at the 
south end of tlm hike. 

' ■ 10. . Paracypria clavifdbmis, sp. n>- (Plate LXYIII.'figs.l-IO.) 

Specific Female. Shell highly .compressed' ■ seen 

laterally , (fig. ■ !) oblong cla-viform in ,, shape, ' greatest height 
occurring far in front and- not attaining half the length, anterior 
extremity obliquely rounded and somewhat defiexed, posterior 
much narrower and exserted below to a triangular posteriorly 
pointing corner, dorsal margin subangular in the ocular region 
and sloping obliquely behind, being for some extent nearly 
straight, ventral margin evenly concave in the middle; seen 
dorsally (fig. 2) narrow fusiform in outline, greatest ividtii not 
nearly attaining one-third of the length and occurring in the 



t:iO 


(;{. U. SAH.8 OX 


[Mmv 3, 


middle, liot'lr ext rein i ties ncainirm.te. 'Valves V{:‘r}" tiliiri and 
lielhieid, nenidy equal' arnl vvitiiovit any visi!,)le pdosity. Htirface 
of sliell (■|in:tesriior)tdi ; inner exhibiting a fa/int i‘e tie illation, 

.inor (3 ohvioiis at the aoteriof exteeiiiity. i\Iaseular .inijiressioiis 
in the centre of the \ail\a‘S ileosely crowded find a-n-iinged, in the 
tisiml manner (lig, 4). Limbs (tigs. 5-9) o]"'i t'iie wljole 'Iniili'. 
ivf:)on tlie same, type as in tlie otlier species. Oa.iuial rami (lig. 4) 
Timisually sliorb a,j:id liroad, evenly eiirveil a,nd liiglily ciu'tinized ; 
claws x'iitlier thick Jind scarcely at all curved, tlieir outer pa.rt 
being clotiied inside with tine s|>inules; dorsal seta well dei'eloped. 

VIaIjE (tig. 3) of about same size as female, a.nd exhibiting a 
vm*y similar sliape of the shell. Sexual cdiaracters developed in 
tlie I'ei'Y ss-inie iiia liner as in the other species of tlie genus. 

Lengtli of stiell 058 .luim, height 028 mm., wiiiltli 0*17 imn. 

4.1,1 is is a very distinct spet,*ies, exliibiting a, ratlier 
cliaracteristic sliaqie of the shel'l, and also distingiiislied hy the 
coarse st:n.i(*ture of tlie caudal rami. It must, ]unve\mr, e\ddently 
lie I'egarded as a member of tlie present genus, as proved by the 
st,ructure of tlie several li.mlis. 

Occii/rrmice * — Several specimens of this reraar'k’alile form, tlie 
great^er number of tliem still immature, 'were piclced ,np from 
tilie 'bottoiimi*esidi'ie of a. sample froiii ■ Tarigat'rvdka (138), taiccn 
13/10/l'l4^'a4'' S'in;n’bii (B.W.; of lake). It was 'not found in any . of 
the. otlier '''samples. , . 

11, Fakacypkia flbxuosa, sp. m .(Plate LX"V1II. figs. 11-4,7.) 

specific €h€(raeters,--—-Fm.A'm. Hhdl,^ highly .com jiressed, seen, 
laterally (fig. 11) narrow re niform .in -.simpe, .g,reafcest ' height 
t>(a■,,^lr^,:a:*,^lg.al)out in the middle. a,nd'. not nearly' ''attaining half the 
'le'Ugth,, 'anterior extremity evenly'' -rounded and conspicuously 
defiexed, 'posterior' a li'ttle narrower and olitiise at the end, .dorsal 
inarg.in orily slightly , eur.ved:, 'ventral deeply si mm t.ed iii iro'nt of 
ihc middh^ ; Si'cn <iorsally (£ig. 12) narrow olilong, gi’catest widtli 
si'invel}' exceeding one-qiiiiJ*ter of tlm length and o(>ci:irring 
somowlmi. hdiind the rniddle, Vahms rather pelliudd ami slightly 
unequal, tli(‘ right one' iieing somewhat oveilappeil 'ly the lafti a.t 
th(‘ iidVrior pa-rt of jioth extremities. Bindaco of shell smooth 
and shinitig, wit hoi, it any visible pilosity, but (\xhil)iiing a, Few 
small dots, more, distinct in the iiJiteriiir pa,rt. Eyes of smaller 
h'rm than in the other species ancr occurring closcvtn thiMhin^^ 
iimrgitn Muscular impressions in . tlic 'ee'utri'f of tlic valves 
(fig. '14) only little 'ditlking fix those in. the (.itlier spc3cies, 
Superio’c a.ntenmc ('fig. 15) with tlur s.i:4m-son',Kiwha,,t rei:l, l.n 
luimher; nata.tory setae of the ;in'Ferior one's iippa.reiitly likewise 
loss fidly dmai|oj,)ed than 'iisuaL A'l'ilcrior legs (fig. Ifi) ratiie„i.^ 
slemler, witli the d.actyliis cO'mpara,t.i.vely sliorlx, -.Ca'udal ra/rni 
( fig. 1 7 ) som<n\di/{t robust, of equal will th throughout, and alinosli 
st.ruiglit; claws coni para ti'vn'sly'.. short ;' doi'sal seta, very small Imt, 
(list.inctu ofv'i'irring about in the :ini(ldUmif.thevivu'iriiK/..d, 

yiAuu (fig.'"'!*!'} agreeing' witl'i female ■ botli ;ii,v,sizc,aii<l'iirt'!'ie '' 
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slia;pe oi* the slielh l>vit. exldbitiug tlie rsiru sexmil i'liiii'acters, 
wiiieli seem, to be fully in accord with those in tlie other sj)ecies 
of tlie genus. 

Length of slieli 0*41 inin., iieight 0*16 inin., width O'll mm. 

lieniarks , — I iiave Ijeen in sojiie doubt a])oiit the s}’stematic 
place of this form. In the general shape and 8ciilj>ti:iring of the 
shellj as also in the apparent reduction of the natatory setm of 
botli pairs of anteiinie, it exhibits a certain i*eseiiiblance to the 
■species of tlm germs Ccmdonopsis Era.dy, and indeed at hrst I wa.s 
inclined to refer it to that genus. On a closer exaininatioii of 
the two solitary specimens found, I now have Ijeen induced to 
abandon tliis opinion, and find that this foi'iii should more 
properly be referred to the genus though constituting 

a, ratlier anomalous sp)ecies. 

Occur re/i we . — Only two specimens of this small Ostra.cod, a 
female and a male, have come under my notice. The female 
specimen was found in a sample from Tangaiiyilva (138), taken 
13/10/04 at Sumbii (S.W. of lake). The male speciiiien was 
found in anotlier sample from the same lake (109), taken 28/9/1)4 
at hlbete (S. end of lake). 

12. PxViiACYPRiA CURTA, sp. 11 . (Plate LXXIII. figs. 15-17.) 

Specific (Jhcmictcrs. — Male. Bliell moderately compressed ; seen 
laterally (fig. 15) of a somewhat triangula,r form, greatest height 
occurring a. little in front of the middle and exceeding half the 
] eng til, anterior exti*emity rather obliquely rounded, poster! or 
iiju'rower and olituse at tlie end, dorsal margin considerably 
arclied and sloping behind with a slight curve to the postei’ior 
corner, %nutral margin slightly concave in the inkldie ; seen 
iloivsally (fig. 16) narrow oblong in form, greatest width some- 
what exceeding one-third of tlie length and occurring behind the 
middle, both, extremities somewliat blunted at the end. ValvevS 
thin and pellucid, slightly unequal, and clothed at each extremity 
\vitlr deli.catel,iairs, more densely crowded anteriorly. Surface of 
sliell' perfectly smooth. ' Caudal ■■.■rami (iig., 17) of quite normal 
vstxnicture, claws rather slender, dorsal seta, well developed; ■ 

, ■Length of shell ()*»55 mm.,-heiglit' 0*30 'W'idth 0*20 mm'. ■ ' 

■'/ 4 ?c^OTarA:s.~This is a welhmm'lied gwnmm some- 

what,, resembling in shape P. aompianakiy hut of much sinaller 
size and lm,ving the shell eon.siderably more a.bbrevia,ted,i 

' '(}c(xn*m'^,crL”-X' soIitiiry spe.ci'^men of this for,m, a fully, gro'wii 
,n,uile, w'as found inV^’ a sam---ple'' fiwn ■■■ Tangaxiyika;(13'8), ■■■fcike.n '■' 
i,it ,Bu,iribu (S.W. of lake). ■' 

■ ■ , Ceniis .2, , ,0iTB'ii)oPSis Ilrady.,; '' 

Hyn. Cwudondla Claus, 

i fjprklopselloj ICaxifman. 

Ite/iUO'L‘H . — Tliis genus was established in the year 1867 by 
Ih-of. brad)', to comprise the three northern species, 
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villosa^ and acuhata, and was ciiaracterized cliiefly lyy the 
imperfect development of the caudal, rami. In tlie yea,r 1896 
'M.essi-s. Ih.'ady iiiid Norman sepa,raled one of these species, 

(7. mdim^ from tlie other two iiodei* a new' genns Fwiiocj/pris^ t<'s 
wliicli tliey also referred the Australian form described by 
present aiithoi* as Cyp^'idojms glohidiis. .As pointed (3ut by 
I)r. A^avra,, these two species, however, are not. congeneric;, 
F, vidua havdng the cauclal rami rudinientary, whereas in tlie 
Australian species they are normally developed, proving it to 
belong to the genus OypreMa of A^avra. The genus Pionocypris 
therefore must be restricted to P. vklaa and allied European 
species {liehetlca^ ohesa^ I think we ai'e bound to accept 

the arrangement proposed by the British autliors, according to 
which the type of the genus Cypridopsis is not, as suggested l)y 
'Dr. A^iuu'a a,iid Dr. Kaufman, 61 vulua^ but C. villosa, which W'as 
referred by Dr. Vavra to the genus Candimella Claus, by 
Dr, Kaufman to his genus Oypjridopsella. 

A third genus, likewise with rudimentary caudal raoii, but 
with reduced natatoiy set^e on the inferior antennm, w'as 
established by Brady under the name Fotamocypris. Tl)e genus 
Faracypridopsis of Kaufman is in all probability identical with, 
that genus. have thus three northern generic types, all 

with rudimentary caudal rami, viz. Cypridopsis, Pionocypris, and 
Fotcmiooypris, to which recently a fourth African type, 
cyprw, has been added by Dr. G. W. Miiller. Two species of the 
last-named genus will be desciibed in the sequel ; the other ten 
species of the “ Cypridopsk-provi^-^ obtained by the Tanga, nyika 
Expedition I provisionally refer to the genus CyprulopBis, a>s 
reshdeied by Messrs. Brady and Norman. 


13. OYPiimopsis OBLiQTJATA, sp. 11 . (Plate LXIX. figs. 1-10.) 

SpcciHc (JAaracjSers,— Female. Shell moderately tiunid ; seen 
laterally (fig. l)of oval triangular shape, grea,test height occuiTing 
a little behind the middle and exceeding half the length, botli 
extremities obliquely .rounded and, nearly equal, dorsa,! 'nia,.rgin 
strongly , arclied in the ■. middle, ventral nea.rly 8t,raight ; setm 
dormlly (fig, 2) oblong-ovate in-for.m, greatest width conside:ra,bly 
exceed.ing one -third of the length and occi;irri.ng little 'behinil 
theiniddle, anterior extremity narrower than posterioi\ Valves 
rather pellucid and vary co.nspicuously nne(|ual, the left one iDcung 
niiich the larger and, overlapping .the right, .not only ai,itei‘ic)rly, l)i:it 
.also along, the greater .part of the 'dorsal' face, whereby tl'ie shell 
assumes a peculiar oblique appearance Buitace of .shell smooth, 

but rather .den'sely hairy at each extremity. Muscular i'mpressions 
■in" the ■ centre of , the , valves (fig. 3) somew.l'mt differing in, their 
arrangement fro,m those in the genus Paracypria. Eye k:irge and 
conspicuous.' Superior antennae' (fig. 4) of normal structure. 
Inferior ante,nnae '(fig, '5). -rather ...coarsely ■' built,, with ' the' apical 

* It may liere be noted that in O. where a similar obliquity of the shell 

occurs, it is not the left hut the right valve, which is the larger, . ' ' 
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claws strong and pa.rtlj denticulate inside ; laitatoi-j seta? 
issuing at some distance fi-om the end of the second joint and 
extending about as far as the cla-ws. Mandibular palp 
(fig. 6) comparatively smaller than in Paracypria^ with the last 
Joint short and thick. Palp and masticatory lobes of anterior 
inaxiliffi (fig. 7) slender and narrow. Anterior legs (fig. 8) com- 
paratively large, wdth the dactylus strong and evenly curved. 
Posterior legs (fig. 9) much smaller, and having the refiexed 
apical seta cpiite short. Caudal rami (fig. 10) reduced to two 
small juxtaposed lamelhn of conical form, each terminating in a 
slender seta anti having a small lateral hair. Ends of ovarial 
tubes, as in most other Cypridse, ascending along the posterior 
edges of the valves (fig. 1). 

Length of shell 0*53 mm., height 0*30 mm., ‘width 0‘22 mm. 

Remarks, — Tliis form may be easily distinguished from any of 
the other species here recorded by the peculiar oliliqiiity of the 
shell, the left valve overlapping conspicuously the right dorsally, in 
such manner that, in the lateral view of the shell (fig. 1 ), the line 
of junction between the valves cuts off, as it were, on the right 
side a narrow nmrginal area, extending along the greater part of 
the dorsal side. 

Ocmrrence.- - Two or three female specimens of tliis form %vere 
found in the same sample (138) from wdiich Pceracypria curia 
was derived. Moreover, a single specimen, likewise of the female 
sex, was found in another sample from Tanganyika (150), taken 
29/10/04- in Yua harbour (W. shore of lake). 

14. Gypridopsis sinuata, sp. n. (Plate LXIX. figs. 11-18.) 

Specific Oharacters. — Eemale. Shell less tumid ; seen laterally 
(fig. 11) of a somewlmt reniform shape, greatest height occiirring 
a, little in front of the middle and scarcely exceeding half the 
length, both extremities somewhat obliquely rounded and nearly 
equal, dorsal margin evenly curved, ventral distinctly sinuatecl in 
the middle ; seen dorsally (fig. 12) oblong-oval in form, greatest 
wddth about equalling two-fifths of the length and occurring 
somewdiat beliind the middle, anterior extremity acuminate, 
posterior more obtuse. Yalves rather thin and pellucid, slightly 
unequal, the left overlapping the right somewhat along tlie 
anterior extremity, and.a.t -'the lower part of The posterior, but 
not dorsally. Surface of shell smooth and finely hairy at both 
extremities. 

Male '/fig, , 13) somewhat .''smaller .than' female and 'Slightly 
diliering in the shape of the shell, which is more deeply sinuated 
below, and has the anterior extremity broader than the' posterior' 
and more blunted. Inferior antennse (fig. 14) of exactly the same 
structure as in the female, the third joint not being, as in the males 
of Paracypria^ subdivided. Prehensile palps of posterior maxillse 
(figs."15'.& 16) rather dissimilar '■ on- '■.right .'and': left' 'sides, -that of 
light maxilla (fig. 1 6) having the claw lamella dilated. Copu- 
'.latory -appendages' (fig. 17) with''. -".the"... .terminal piece securifomi in 
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slria.pe, Eja,col!i,toiy tubes (ti^\ 18) omcIi witli, eight verticils cvf 
eliitiiioos vstripes, ONiii'ensities i>l' tube not (liL-iteb. 

’ Leiigtli of slsel! J 0'47 triin., height 0*23 iraii., widtli 0*1!) inm. 

Tin's fonii is evidently nearly a, Hied to the preccsiing 
one, but is of smaller size and ditiei\s eo.]'ispieiu)risly in the sliape 
of the sliell, wliicb, moreover, does not exhibit the cha.ra.eterisihc 
obliquity found, i,ii tliat species. 

Oeeii/rrmice , — Some few speeiiuens of this form wei*e found iri 
the saine sample (138) in which tlie jireceding species occui‘:re<l, 
{itid. solitary specimens were found in two other samples from 
Taaigjinvika, the one (169) taken 18/11/04 at lOila (E. shore of 
hike), tiie other (240) 24/2/05 at Ba,raka'(N;W. shore). 

15. CYP,Ri:i}orsis cunninutoni, sp. n. (Plate LXX. figs. l-4>.) 

Specific CJuwacters.- — Feaiale. 8hell leather caii.i pressed ; seen 
hiterally (hg. 1) of a. somewliat trigonal foi*m, greatest lieiglit 
occurring a, little in fi*ont of tlie middle and conside,raj:)ly ex- 
ceeding imlf tlio length, anteri(.ir extre.mit 3 ^ inumled, posterioi,’ 
niucli narrower and terminating helow in a,n olitnse (.*orner, 
dorsal iimigin strongly arched in the middle, ventral oii(-3 slightly 
sinuated; seen dorsally (%. 2) narrow oblong in form, greatest 
widtii about ecpialling one-tlurd of tlie length a,nd occurring in 
the middle, both, 'extremities. acuminate. ■Malves .rather tlii,o and 
rutmdy- equal, finely hairy at' Imtli extremities. Surface oi shell 
smooth, 

Male (fig. 3) of somewhat larger'. size t-haii female, and h,avi,ng 
tlie sliell inoi ‘0 deeiil}^ sinua.te(l vmntiail^q with the posterior 
extremity narroweimanclTnore- deiiexed.- 

Length of sliell 5 0*56 mm., height 0.‘32.mm., "width 0*20 niim 
■■This is a ■ q'uite". genuine .Cppndopsts^ resemblii'ig 
somewhat in 'shape the type "species, O,. ‘mUosa J urine, but having 
the shell less densely pilose, and 'the valves 'much less imeqiud, 
witlioiit any ..olivious obliquity of the sliell. It is tlie Iiii'-gost. <,)f 
the specdes here, record 0 ( 1 . ' , 

Occn/rreiiee,- T'W'O" speei,mens only of tliis form, a fei'uale find a 

maliq Imve' .come inider- my notice. ■ Tdiey -were dcm’ved fi'*om a 
sanqjie (14) taken 17/6/04 i.n Mimkey 'Bay, Ljike .'N’yjisa, and Inul 
been sopa'Ca-ted b^'' Dr. Ouni,nngt.o.n i,n a smal.l tu,l,)C. ],' f,ibere,'ri.).i,‘e 
find it a.]')propriate to .name this speciiss in Imiiour o'f til'ic^ di's- 
,tin,guislied, conductor of the E"xped,itiom' 

16', CYFiiniopsiH rusiLLA, sp.ri; ■( Plate LXX,. figs, 4 6.) 

Bpedfhc S Ofmmcte/rs. — .Fi5MAL.e. kSIsoII modern, toiy compn-sscd ; 
■see’u laterally (fig'. 4) oval ' in, form, greatest heigJit occurring a., 
little 'behind the niiddle.aiid eq'ualling.'ab'out .lialf the length, Lioth"' 
'extremities '.obtusely' round e'd. and slightly defi6,xed , i H\ir]y €*qua,,l , 
dorsal 'margin '■ somewhat irregularly: curve'd,' 'ventral jilmost 
straight; seen dorsally' (fig. 5) "oblong in form, greatest widtli. 
a, bout e(|uallin'g two-fi,fths '"of ■ the ■, length and', oeciirriiig in the' 
middle, both ^extremities ■sonicnvdia.tMiluiite at the end, Malves 
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vatlier tliiii and ]>ellnci(l, sliglstl}’ nueqiia.], and finely liairy ai" 
each extreiiiity, Bui'faee of sliell pei’feetl}’ sinooth. 

M'ale (fig. 1)) soniev\diat aina.ller fha.n female, biit exhildtiiig a , 
\'ery similar slia,pe of the shell. 

Length of sliell 2 0*41 mm., height 0*21 irim., width 0‘17 iniii. 

— This form is allied to 0. slnuata, but of rather 
smaller size, and differs conspicaionslj in the nearly sti’jiiglit 
ventral ina.rgin of the shell. 

Occurrence. — Some few specimens of this small Ostra,cod wei'e 
found in a- sample from Tanganyika (138), taken 13/10/04 a,t 
Biiinbu (S.’W. of lake). 

17. Cypridopsis monodon'ta, sp. 11 . (Plate LXX. figs. 7~9.) 

Specific Characters. — Male. Shell somewhat timiid ; seen laterally 
(fig. 7) almost semicircular in outline, greatest height occui'iing 
in the middle and nearly attaining two-thirds of the length, 
anteiior extremity oliliquely rounded, posterioi* blunted and some- 
wliat defiexed, dorsal margin boldly arched, ventral nearly 
striiiglit ; seen dorsally {%. 8) subovate in form, greatest widtli 
exceeding half the length and occurring behind the middle, both 
extremities somewhat blunted at the end, the posterior one being 
the bj'oader. Valves rather unec|ual, the left one overla])ping the 
right conspicuously along the whole anterior extremit}", a-nterior 
lip of this valve somewliat defiexed and having below a sliglit 
sinus ; posterioi* lip armed at the lower corner with a siiiall 
recurved dentiform pincess (fig. 9), Surface of shell smootli, 
but ratdier densely hairy at both e.xtreinities. 

Length of shell 2 mm., height 0*23 mm., M'idtli 0*20 mim 

Ii&nawks . — This is the smallest of all tlie Tanganyika- Ostraeoda, 
and is, moreover, easily recognized l)y the short a-iid tumid slieli 
and by the peculiar dentiform process springing off from the 
posterior corner of the left valve, a character which has given idse 
to the specific inane here proposed 

'0cciirrmiee,—A. solitary’ male- specimen, of this, foiau was found 
in the same sample (138) from which 0. was derived. 

' 1.8.' C1ypiui)0.fsis sE,RiiATA, sp.; n. ■ {Pla'te L'X,X,;figs. lO'^ 12.) ■ ' 

Specific ■ Chm*aciers.~--¥mAm. Bhell luoderately tumid ; setm 
}at(‘i'ally (iig, 10) oblong reinform in shape, grea.test lim'ght 
f>ccurrii)g in tlie middle and about equalling lad f the length, both 
extremities obliquely rounded ami somewliat defk^xed, doiral 
.margin ', evenly curved, ■ ventral conspicuously sinuateil seen 
dorsally (fig. 1 1 ) oblong-ovate in form, greatest width about 
equalling' two-fifths .of tlie 1 eiigtli 1111,(1 oecTirring behind the middle,,, 
both extreiintie,s'''’act;inii,u.ate., ■■ ■■Valves" lather' unequa..], the right 
being eonspicuously overlapped by the left, both anteriorly and 
posteriorly ; eacli valve exhibiting at the posterior corner a, row of 
exti’eiiiely (Icdicate tiiarigular seri^^^ four on right, throe on 
Ieft',.v^l,lve■'(h■gf '12')7 y Bmfrtce ' of. -■ shell smooth a, ml finely liairy 
at lioth extremities. 
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Length of sliell imu., lieiglit (>2() inm., wiclfcli, 0-21 iiiin. 

Esrnarks . — This form niiiy be ea.sily i-ecogiiiaeci by its com- 
paratively naiTOw reuiforjii shell, a,ud. more particmlai’ly by the 
j::ieciiliar deli.ca,te seri‘a,tioiis occuiriiig on tlte post(;'i*ior corners of 
both valves, a clia,ra.cter from wlu'cli t.he specific iiajrie here 
firoposed has been derived. 

i%(ynrr&nee . — Of tliis species also only a, single special eii has 
been' secured, a fully gro'wn female. It \va,s found in a sample 
from Taagaiiyika (169), taken 18/11/04 iit ivala (E. sliore of 
lake). 

19. CvPRinopsis BiDRNTATA, sp. 11 . (Plate LXXI. figs. 1-3,) 

SpeciJiG Characters. — FiiIMALe. Shell moderately tumid ; seen 
la.tei'ahy (fig. 1) rounded triangular in shape, grea.test heiglit 
occurring in the middle and consideaaibly ex(;eeding half tlu3 
length, l)otli extremities obliquely rounded and somewhat deflexed, 
the posterior one more 1)1 unted than the anterior, doi‘sai nifirgin 
boldly arched a,nd sloping more steeply to the {interior tlian to 
the posterior extremity, ventel margin iieaidy straight ; seen 
dorsjilly (fig. 2) siibovate in form, grea-test width about Imlf the 
length and occurring behind the middle, a.nterior extremity 
narrower than posterior. Valves slightly unequal, the left over- 
lapping the right along the anterior extremity, as also at the 
lower part, of the posterior one, hind corner of this valve armed 
with two recurved dentiform processes (fig. 3) similar to that 
found ill (7. Surface of shell smooth, but rather 

densely diaiiy ' at each extremity. ■■■■'■ 

Male of about same size as femaJe and exhibiting a si inila^r 
shape and armature of the shell. 

Length of shell 0*49 mm., height 0*29 mm., wiilth 0*23 min. 

form somewhat resembles (7. monodoiita in the 
shape and aiinatui'e of the shell, but is of considerably la-rgei* size, 
and/is, inoreover', .ciistinguisbed By the presence of' two dentiform 
processes, instead of a single one, at\ the; posteiiiir corner of the 
left' valve. , ' , , 

' OccMrremc , — Two specimens- of this form, ti nnile {'iml a fcvnu-i.h-g 
were found in a sa,in pie from Tangiinyika (97), ta.ken 19/9/04 at 
'Niamkolo (S. end of lake). 

20. O-'y'PEiDOPSis TUMiBirLA, sp.. n, (Pliite LXXI. figs. 4 6.) ■■ 

■d. Specific CdmccMers.-^FEUAiA^: Shell imusutiriy .tumid; seen 
laterally (fig. .4) , of oval -reniform sliape, greatest lieiglit occurring 
.somewhat in front of the middle and scarcely exceedii'ig half' the 
length''; .anterior extremity obliquely. .I'ounded, posterioi* , scarcely 
narrower and' blunted at the end ; 'dorsjil margin soinewliat' 
irregularly ■ curved, 'sloping more 'Steeply in front than behind, 
ventral margin distinctly 'concave 'in 'the' middle: scan, dorsally 
■(fig. 5) ovate ill form, greatest height-exceeding lialf thede.ngth anii' 
©Gcurri.ng a,boi,it in the' middle, ante'rior,' extremity narrower' tlian/' 
posterior. - .Valves 'nither 'une(|ua],.the^ left o'ne 'considerably over- 
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la,ppiiig‘ tbe liglit along the anterior extremity ,es also sornewliat. 
along the lowei* pai't of the posterior, hind corner of this valve 
ai-med with two delicate triangular teeth, tliat of right valve 
with a single such tooth placed somewhat farther above (fig. 6 )„ 
Surface of shell smooth, but rather densely liairy at both ex- 
tremities. 

Length of shell 0*47 mm., height 0*24 mm., width 0"25 mm. 

Remarks . — This form may at once be distinguished from any 
of the other species here recorded by the unusually tumid shell, 
the width of wdiich even somewhat exceeds the Iieight. The 
arina.tin*e of the hind corner of each valve is also characteristic. 

Occurrence . — A solitary female specimen of this form was 
found ill a sainple from Tanganyika (138), taken 13/10/04 at 
Siimbu (S.W. of lake). 

21. Gypri-Dopsis congenera, sp. n. (Plate LXXI. figs. 7-9.) 

Specific Characters , — Female. Shell moderately tumid; seen 
laterally (fig. 7) of oval reniforin shape, greatest height occurring 
about in the middle and slightly exceeding half the length, both ex- 
tremities rounded and slightly defiexed, dorsal margin irregularly 
curved, wfith trace of an angle behind the ocular I'egion, venti*al 
margin very slightly concave in the middle; seen doimlly (fig. 8) 
obloug-ovate in foi-m, grea-test wfidth occniTiiig behind tlie middle 
and not attaining half tlie length, anterior extremity acuminate, 
posterior blunted. Yalves slightly unequal, left valve overlapping: 
the right somewhat along the anterior extremit}', but scarcely 
behind. Surface of shell smootii and finely hairy at both 
extremities, 

.Male (fig. 9) a little smaller than female and liaving the 
posteilor extremity of tlie shell somewhat narinwer. 

Length of shell 0*52 mm., height 0*28 mm., width 0*23 inm. 

This form is closely allied to C*. sirmata^ exhibiting 
a i*ather similar shape of the shell. It is, liow-ever, of larger size 
and has the venti'al margin of tlie shell much less sinuated, 

Occiirrence.^Three specimens of this form, two females and one- 
niale, , W''ere found .in the same sample f mm wdiicdV L7. 
w.as derived. 

22, OvpiiiiKirsis, (aBBA, sp. n. ' '(Plate LXXL figs. 10-12^) ", 

.Spmfic Character Shell sOMievvliat compressed ; seen 
laterally (fig. lO)' of, oval trigonal -shape, greatest heigh tbccurring- 
iibout ,in the middle and ■'■exceeding- -'.half the length, -anterior 
extremity broadly rounded, posteiior somewhat iiaii’ower aiitl 
hlunted at the end ; <lorsal margin forming in the iiiiddle an 
abnipt angular curve and sloping from thence evenly to each 
extremity, veihral margin exhibiting in the middle a. distinct 
sinus, in front of which is a convexity: seen doimlly 

(fig, 11) oblong-ovate in shape, greatest width not nearly attainiug 
half the length and occurring about in tlie mi<ldl(\ anterior 
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Jicuiaiiin.te, pcxsficM’it.n' bltiut.c'il. rji.tilicr ihiii mui 

pelliicifi, iinocpiMl, tlip loft ovt‘i-la|>|)in;L.( thp riylit in fiv)])!:- 

aj, 1(1 paj'tly also bel'niitl ly a. na.rrnw' iiyalih(> l)Of('!(a,‘. Htirfano of:' 
sliell sioootli until oaly very slii^'lit tira.(*(‘S of j>i}osifc)’. 

Male (tig. 12 ) of. neai-ly saiao six.e a,s foauilt^ soa.roily 
(lifteriiig in tlic? sI:ia|'>o of th.o slu'^ll. Hexnal ehaviioiiors, h('nv(ao.a,*, 
easily observable in the dense colls of sjiernintic tii'bes otH.airriog 
in the posterior part of each valve, and in the ti’anshicieiit eja.en • 
lator}^ tubes. The latter with numerous (up to 14) Avliorls of 
densely crowded chitinous stripes. Oopulatory M|>poiidag(\s of a 
similar strucrture to that in il'ie male of (J. but the 

terminal, pieces distiuctly l)ilobetl. 

Lengtli of slsell 0*<:>0 mm.„, lieiglrt ()%*M .mm., widtli l..)-2'lr mm. 
Rmnarhs . — Tliis foiau, likO' C. cH-u/iiinfftovi, is un.(l(.nVbted.iy' a. 
genuine It di.hbi‘8 from tint specii^s, as also from 

the two African species descailietl ]..»y j'.)r. 'V^avra. and Dr. M.lilh*..!*, 
in tlie shapie of tlui slnvll and in the ini|;i(-n,’fe(d', })i!osity of tlie sa.nua 
Ocmf/rr Slice . — Borne few specimens of this form wa'ia* found in a 
sample from Victoria Nvau/<a (2('U.)), ta.ken' 25/4/l..,)5 a-t 'i'>u.kol)a, 
(Wb shore of lake). 


Genus 3. Zonchwpris Milller. 

Rernarks . — ‘This genus ■ was ■' estalil.ished in, tlie yean* 1(S98 ]>y 
Dr. G,'W'. I\Iii,l].er to comprise two; A.fi:'icn,.i.i species, if. iRmlmjiimin- 
\msu and if. elegans^ }mMi which wer.e distinguished hy a 
yery peculiar sculpture of tlie shell, a character wdiiGi has givt^n 
rise' to the genericr name proposed 'by ,l.)r. M'iillei*. 1dm gi/nus is 
iicmrly allieil to or still more to ./hlnnap/yr/s, luit 

’difl(;*'rs.,in' some points- -.from botlr these genera, a'ud , can welhlie 
retained.. Two species loferahle' to this 'genus are deHeril.H.,M'l 
■lieiow. 

23.oZ<>Nn)<nuurf:s'COSTAav\ Vasnu.. (.Plate LX.XII. ilgs. 1 dt.) 

CyprxRipHi,^ costdUt^ Vaora, ,.l..lie Biisswasse.r (..Istra-ccxlca.!. .l...)(,ud:S(di" 
''C)str.Afrikus, p. 10, figs, 

' 'Byu. : ZiOH^rypris uutdiiyasew^^ 

, ■ SpedRjie, Bhell-'very turrdd ; seen ]a'i',(*rair\'' 
(fig, 1) of a soiiuvvvliat rlioml^^ sha|)e, greatiisi. lieight o(*ci!rring 
tr little in. front of tlie, middle a.m:f sliglitly e,x,(,*eedii'ig ,haM', tla,,^ 
lengtli, antcrioi* 'exti.*emity rounded, posterior obIi(|'(,iely t>ri'mca.i«,’-d, 
dorsal margin, forming a rather even curve, ventra;! margin slightly 
si:n Mated i:ii -the middle; see'ii cloimlly (iig. ,2) liroadly ov'ifo',r,{',« ,'iu 
shape, greatest' widtli, exceeding two-thirds of tlie .lengtli, anil 
O'c^c'urriiig' belii.nd the . mid-d le, anterior ' extremit}?' mucli., I'la.rrow'rir 
than posterior.. Valves ■sliglvtly U'netp.ial, tlie left o'veila|>|,:d-ttg tlit'v 
.'ligl'it 'soniew,ha,t along th.e U'i-nteriiiiv-L^xtreruity,'' a's 'aJs(! a litt!'<! a'l. 
the upp(n’ corner of tlie pos'terior (ine -; -anterior lips of both valvu's 
■soraowliat tliickened,", hut ’with. ■only",sl.i.g].it ,'traco of, ]'ia,{rs. BtnhuM-? 
of -shell 'SCiilptui'ed wi'lilrvery Conspitmous elevated, lidgc^s arrangiMl 
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ill a concentric nnwiner. Inferior antennae rattier eon.rse.]j hnilt, 
witli one of the teiininal claws knife-shaped and deiiticulaterl 
along tlie inner edge (lig*. 3). The other limbs resembling in 
sti’iictiire those in Ci/pridopsw. 

Male of about same size as female, and exhibiting a veiy 
similar shape and sculpture of the sliell. 

Length of shell 0*60 min., height 0*32 inrn., widtii 0*39 mm. 

IlernarA:s.~-J. cannot see any essential difierence between the 
form described by T3r. Muller as the typo of this genus, Z. m.ada~ 
gasmriensis, and tlie form recorded by Dr. Yavra as Cypridopsis 
eostata. lloth these forms seem indeed to be identical, mid as the 
specific name proposed by Dr. Yavra. is the, older one, it ought to 
be 1 ‘etained for the present species. 

Occurrence , — Some few specimens of this form were found in a 
sample fi’om Victoria Nyanza (269), taken 25 4 05 at Bukoba 
( W. shore of lake). 

— I^gogo, East Africa {Vdvra)^ Ma£kiga.scar 

(MdUei^), 

24. Eoxocypris l.eyis, sp. n. (Plate LXXII. figs. 4-7.) 

Specific Characters . — Female. Bliell very tumid ; seen laterally 
(fig. 4) of a somewhat trigonal shape, greatest height occurring 
about in the ndddle and considerably exceeding half the length ; 
anterior extremity^ somewhat obliquely rounded, posterior obliquely 
truncated below ; dorsal margin forming in the middle an abrupt, 
almost angnlar curve, ventral niargin rather deeply sinuated in 
the middle : seen dorsall.y (fig. 5) of regular oviform shape, 
greatest width equalling two- thirds of the length and oecuri-ing 
behind the middle, anterior extreinity’- much narrower than the 
posterior. Yalves rather thin and pellucid, nearly’* equal, and 
clothed at each extremity witli delicate hairs. Surface of shell 
perfectly smootli, witliout any trace of the concentaic i-idges found 
in tlie preceding species. Muiscular iznpressions in the centre of 
each valve (fig. 6) densely crowded and somewhat diiTering in 
form and aiTarigement from those in the two preceding genera. 
Inferior antenme of much the same structure as in Z. costaia. oim 
of the' apical claws exhibiting a very similar knifed ike shape and 
cmrse'den.tic Illation of 'the inner edge '(fig. ',7). 

Length of sliell (958 mm., height ()’33 mm., width 0*37 mm. 

The above-deser form is iniqiiestionably con- 
'ge',nerm with .the preceding' -species, agreeing ' with -it '-i'u "-.all' 
esse'ntial structural- details. - "Yet it differs- very conspicuously in 
' 'even tl:i£vcdiar«.(‘ter,,f,i*om; which' tlie 'present 'genus- ha.s 'been 'named, 
the surface of the shell being perfectly smooth, without the 
slightest trace of any sculptui'ing. The generic name proposed 
by Dr. Muller, of course, is somewhat inappropriate, since it does 
; not, apply ".to ; all the species.''- - '..I:' 

■ ' ''. Occmrence.- specimens of this foimi, most of tliein not 

in a good state of p reset' vatiom, were found togetlim* with Z. eostata 
in the ahove-merilioned sample from Yictovia Xyaiiza. 

, tPRo'o,'Eo'oL,'Bo(L----T9IO,,:Xo>:--’XLIX--.v-^^^^^^ ",;:,-4,9-' - '-y';,: 
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< Sleiins 4. Btenocypri« G. 0. Sars. 

Remarhs. — Tl'je type of this genus is S. 7naI.eohns(yni Briidy, of 
Av'hioli a detailed desciiptioii bas been given by tbe present autlior 
from,' Ai'istralian specimens. The most prominent elia/ranter dis- 
tingtdsliing this genus is uiKp.iestionably tlie peculiar asyiiuiietry 
of tbe ca,u(ial lami, tbe right one of which is much coarser tlmn 
the left and armed along the doi*sal edge with a combdike seiies of 
strong denticles, ^vanting or only slightly indicated on the left ramus. 
This character is found in several other species recently described 
by Dr, Yavra and Dr. Muller, and may thus prove to be a very 
good generic criterion. The foian recorded by the present a.uthor 
as Stenocypris chevreuayl, in wdiicli such an asymmetry does not 
exist, I a,m now inclined to refer to the genns IlmyeMcypris^ in 
s} 3 ite of tbe presence in this foimi of distinct, though very short 
natatory seta^ on the inferior antenme. In all other clun‘aeters 
this form exhiluts a nuK;h closer relationship to the genus 
Herpetocypris than to Stemcypris, A genuine species of tlie 
present genus is described below. 

25. Stenocypris perarmata Brady. (Plate LXXIL figs. 8-10.) 

RteMocypris perannaia Brady, Entomostraea collected in Xat.ai 
by Mr, J, Gibson, Proc. Zool. Soc. Loncb 1904, vol. ii. p. 126, 
pi. viii. figs. 50-57. 

Specific ChanteterB. — -Female. Shell mnch compressed ; seen 
laterally (fig. 8) of elongated siliquose shape, greatest height 
occurring behind the middle and only slightly exceeding one- third 
of the length ; anterior extremity somewhat obliquely rounded, 
posterioi' narrower and obtuse at the end, none of the extremities 
deflexed; dorsal margin gently curved, sloping evenlj^ towards the 
anterior extremity, more steeply to%vards the posterior, above 
wbicli there is trace of a slight concavity; ventral margin ex- 
hibiting in front of the middle a slight .sinus bounded anteriorly 
(in the oral region) by a small convexity : seen dorsally (fig. 9} 
narrow oblong in form, with the greatest wi<itli only sliglitly 
exceeding one-quarter of the.. length, both, extremities funjininate. 
Yalves thin and pellucid, only slightly unecpial, tlie left over- 
lapping a little the right along the anterior extreniity and, also 
somewhat beliind. Surface of sliell smooth, l)ut rather densely 
hairy botln at the extremities and below. Oaiidi.il ,i'a,mi (fig. 10) 
exhibiting the structure ch,ara.cteristic of the 'genus ; riglit i,‘ami,is 
...comspicuously, broader than, the left and armed , on .the distal pai't 
.of the dorsal edge with a row, of about' ei'ght cmrse teeth, followed 
by a number, of 'Smaller and somewhat unequal dent'icdes ; dorsal edge 
of left lumus with only very small hair-like denticles in its outer- 
■mGst .paid'; . apical claws of. both 'ram.i rather strong' and' somewhat 
unequal,' the distal one being m.U'ch. the' longeav though . scarcely 
, exceeding,' half ■ the length," .of the^ ramus, ; both,' claws, .coarsely 
'''.denticulated' ,al(>T,i,g t'lie greater' part 'of, the 'concave' edge, /seta, of' 
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'dorsal edge w.aiitiiig, apical set-a ratlier slendei-j extending a’lmost 
•as far as the distal claw, 

Lengtli of shell 1*48 mm., height 0*60 min,, widfcli 0-41 irini. 

Ii{miarks.,~--1 think I am right in identifying the .present form 
with that described by Brady under the above name, tliongli 
some small differences as -to the shape of the shell may be found 
on comparing the hgures here given with those reproduced by 
Brof. Brady, 

Occiirrence , — A nearly adult female specimen (that here figured) 
-of this form had been mounted hj Dr, Ouniiington on a slide, 
together with some other Entomostraca. According to the label, 
they were derived from amongst algte taken 23/6/04 in Nkata Bay 
on the west coast of Lake Nyasa. Another somewhat smaller 
specimen of the same species, likewise mounted, was found in 
Taiiganyika, the exact locality not being stated, 

I)isirlbiitio/i , — JSTatai (^Brady), 


Gfenus 5. Heterocypris Glaus, 

liemiarhs . — According to Dr. Vavra, a genus with the a, hove 
name was estal,)lisbed by Glaus in tlie year 1892, to include 
the welLknown noitheru species, C'ypris incongriie/m Ilamdolii', 
Dr. Yihu'a consideivs this genus as constituting only a sul^sectioii 
of the genus Oypnnotns Brady. As, however, both these sub- 
ssections are rather well defined and comprise at present each a 
iiiuTiber of species, I find it more appropriate to maintain the 
genus in Glaus’ form, A third closel]^ allied genus is the one 
estal-lished by the present author as Jlemicypris, to include 
i'Jypris pyxidata Moiiiez and allied species. The following species 
is only provisionally referred to the genus of Glaus. 

26. I:lETEBOCWPin.s DUBiA, sp. 11 . . (Plate LXXII. figs. 1 1-14.) 

, ; ' Specrfie Ch/miGisrs.--l^wsikhv.. Shell somewhat com,pressed ; seen 
■'laterally (fig. 11) of ov^al reniform shape, greatest heiglit occurring 
beiiind tli© middle and exceeding half, the lengtli, , anterior ex- 
■'tremity narrowly rounded, posterior much b.roEuler and., obtusely' 
lilunted ; : doi*sal margii,i sloping with: an -even curve to the anterior 
-extremity, abruptly, deilexed behind, ventral . margin .soinewliat 
'Cori'vex beliind ■■and very slightly sinuatecl in front of, the middle: 
seen dorsally (fig. 12) .oblong-oval in- form, greatest, width equalling 
about . tw’o-fifths of the- length and occmTii,ig,in theTniddie, 'botli 
extremities somewhat blunted. , Yalves 'Very thin.' and pelinci(,b 
■slightly unequal, the left oii-e ovedapping the ''right a little in,; 
•fro.nt ancl also- somewhat 'along the posteri'or „1ialf of , the , ve'rit.ral 
'■facep lips ,of both valves perfectly smooth',.wfithout ,'aiiy trace of" 
-the creii Illation foiiiid, in other species, ■of''this' and, ' allied . genera. 
‘Surface r>f shell smooth and. clothed at -both extremities with very/ 
‘delicate hairs'. 'Muscular impressions .in the 'centre 'of each valvcr 
-:(fig. 13) five in number ■ aiid' ..arranged/, in-,' the',' 'iisual manner' / 
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Gaiidal rami (Ig. 14) rather narro\r, nearly sfcraigixt, and slightly 
tapering distally, dorsal e<ige perfectly smooth ; a-pical cLiws of 
moderate size and somewhat unequal the distal one tlie longer and 
about equalling in length half the ramus ; dtjrsal seta sliorter tiri-n 
the proximal claw ami attaeheil at only a, sliort distance from it', 
apical seta veiy small. 

Length of shell 0‘86 mm., height 0*48- mm., width 0'd6 riini. 

Eemwi'lcs . — In the shape of the shell, as seen la.terally,^ this 
form looks rather like the African species described by Dio \^avra 
as Cuprinotas fossidaius. It is, however, of smaller size and far 
less tumid, exhibiting, moreover, no trace of the impressed dots 
with wiiicli the surface of the shell in that species is sculptured, 
nor ha.ve I been enabled to detect any tubercles on the edges of 
the valves. In solar this form differs materially from a,iiy of the' 
otlier known species. In the structure of the sevenil appendages,, 
however, as far as these couhl be examined in the ■ so]ita,ry 
specimen found, no essential diffei’ences could lie traced. 

Occurrence . — A solitary female specimen of this form was found 
ill a sample from Tictoria Nyanza (250), taken 20/4/05 at llukoba 
("W. shore of lake). 


Genus 6. Ilyocypbis Brady. 

Eemarics. — Several northern' species of this distinct genus have 
been described, and; also an Australian species, /. aMstralis (L.O,. 
Sars. In tlie Ostia..eod material fi*om the Tanganyika Expedition- 
two species of this' genus are represented, though only' by solitary 
specimens. I have been unable to identify either of them witir 
previously described species. ■■ 

27. Ilyocyp'Eis peopinqua, sp, n. (Plate LXXIII. figs. 1-4. ) 

Speeijic CharactBrs. — Female. Shell moderately compressed ; 
seen lateially (%.. 1) of oval renifornr shape, greatest heiglit 
oeeiirrhig far in front and slightly exceeding lialf tlie length, 
■anterior extremity broadly rounded, posteiior narrower and 
obtusely tr'im rated ; dorsal margin iieaxly straight , and obijqmf‘ly 
sIo'iHiig behind, forming with the posterior roargin an obtuse- 
angle, ventral inaigin deeply sin iiated in the middle : seen dorsal ly 
(fig. 2) oblong-ovate in form, projecting on each side beliind tlie 
middle to 'an obtuse protuberance, another smaller rounded proiml- 
jience occurring on each side in front of the middle, '\hdvcs only 
slightly i^elliicid and somewhat unequal, the right overlnpping the 
left, ill fixmt ' by' a 'narrow hyaline rim,- and also somewliat along 
the-,, posterior p,art of the ventral face. 'Surface of shell sculptured 
with' densely crow'decl impressed dots and provided with, scattered 
stiff hairs, ' more conspicuous at -each extremity. Muscular, Im- 
'pressio,ns in tlm- centre 'of .each' waive, (%- -3) densely crowded, and ' 
,somewlia,t. differing in number and arrangement from tlKise in the- 
other' ■genera. - , .■Caudal rami .'(fig. 4) 'i-ather narrow" and' coii-- 
.spicuouslj curved, dorsal edge, smooth-; ,apical claws' .rather 'skuider- 
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a, lid soiiiewliat nnecjiial, tlie distal one lieiiig iniieli the longei* and 
t'onsiderably exceeding ball the lengtli of the rain us; seta of 
<loi*saI edge well developed. 

Lengtli of sliell 0’94 iimn, height 0*50 nun., widtli across tlie 
posterioi* protulierauces 0*40 mm. 

form soinewliat resernhles the nortliern s|)ecies 
/. gihba Ilaindohr, exliiliiting a rather similar shape of the 
shell, wliich, as in that species, is produced on each side hehind 
the iiiiddle to a well-marked protubei'ance ; l:mt these pi'otuliei'- 
arices a-i-e in the pi*esent sjiecies cousideralil}’^ bi'oader and moi'e 
obtuse at the tip, more resembling those in the Chinese sjiecies 
/. aru/'/f.lata C- 0. Sai‘s. The structui'e of the caudal rami is also 
some nil at different. 

OcemTmce . — A solitary female specimen of this form was 
fonnd in a sample from Lake, Kyasa (8), taken ll/b 04 in 
Anchorage Bay (S. end of lake). 

28. Ita’ocypris alta, sp. n. (Plate LXXIII. figs. 5-7.) 

^S*p/?cifi.c Characters. — Male. Bliell less compressed tlmii in tlie 
preceding species, seen laterally (fig. 5) of a somewhat elavate shape, 
greatest height oceniTing far* in fi’ont and exx^eeding tliree-fiftlis 
of the lengtli, anterior extremity very broad and amply rounded, 
|>osterioi* iiiiich narrower and blunted at tlie enxl ; dorsal margin, 
forming in the ocular region an abrupt angular bend and sloping 
tlience lutliei' steeply behind, joining the posteiior margin at 
an obtuse angle, ventral margin deeply sinnated in tlie middle : 
seen dorsally (fig. 6) of irregular olilong-ovate form, exhibiting, 
as in the preceding species, on each side in front of the middle a, 
rounded tnherculifoim prominence, and farther behind a broad 
obtuse protuberance, below wliicli another soniewliat smaller 
protuberance occurs. Yalves rather thin and pellucid, con- 
spicuously uneciual, the riglit one overlapping tlie left in front by 
a rather bi'oad liyaline ilni, as also .somexvliat behind. Surface of 
shell less distinctly dotted and elotlied with scattered delicate 
hairs. Caudal raiui (tig. 7) comparatively shorter and stouter 
tlnvn in tlie jireceding species and less curved, apical claws nearly 
equal in length, dorsal seta eompai-atively small. 

Imigtli of shell ()-80 mm., height 0%51 mm., width across the 
posterior' protuberances 0*40, nini., . , 

Ariiis form is unquestionably specifically distinct 
from the preceding one, differing rather conspicuously both from 
this and the other known species in the shape of the shell, as also 
'in the/ structaire of the caudal rami. 

, Occur?’ence,--~^'Ot . this form ;also. only ' a 'solitary, 'Specimen has 
come under my notice. It had been separated by Dr, Gunn ington 
in a small tube, and proved, on a closer examination, to be a 
n ear adult male. According to the label it was found in a, 
wimple from Tanganyika (100) taken 18/11/(14 at Kahi (B], slior'e 
of ]ak(‘). . . ,. ■ /. '■ ■■ ; ; . . y. ■ ' , ' " 
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Ffimily CytheriD/E. 

Genus 7. Limnicythere Brady. 

Mmnccrks. — (3f tliis genus, which exhibits so close a relationship 
to true marine Ostracoda, four or five northern species have l)eeTi 
described, all of which are found exclusively in fresliwater ponds 
or hikes, No species of this genus is, however, as yet known 
from the Southern Hemisphere. In the Ostracod material of the 
Tanganyika Expedition one species refei-ahle to this genus is 
represented, and another nearly related African species is known 
to me, liaving been found in a sample taken by Dr. Purcell from 
a, freshwater pond in Cape Colony. 

29. Limnicythere obtgsata, sp. n. (Plate LXXIII. figs. 8-14.) 

S2)eeifw Ghttracters , — Female. Shell mtlier tumid ; seen laterally 
(fig. 8) of 1 ‘egnlar oblong-oval shape, greatest height sca.rcely 
attaining half the length, both extremities obtusely rounded an<l 
of alioiit same breadth; dorsal margin straight and horizontal, 
forming in front, Just above the eye, an abrupt angular beml, 
ventral margin very slightly concave in front of the middle : 
seen dorsally (fig. 9) irregularly subovale in slmpe, being con- 
spicuously constricted in front of the middle and bulging beliind, 
greatest width almost attaining two-tliirds of the length and 
occurring in the posterior part, anterior extremity acuminate, 
posterior blunted. Dorsal face of shell somewhat fornicate, 
ventral fattened, the greatest convexity of the shell occurring far 
below, Yalves rather thin and flexible, being very little calcified 
and sligbtly unequal, the left valve overlapping the right a little 
in front, but scarcely behind. Surface of shell of a dull appear- 
ance, being distinctly reticulated, and clothed at both extremities 
with stiff hairs, more densely crowded along the anterior one. 
Muscular impressions in the centre of each valve (fig. 10) four in 
number., and arranged in -a regular vertical series. Eye single, 
not, as in the marine Oythericlje, double. Superior antenrue 
(fig. 11) rather stout, being composed of six wmll-defined joints, 
the first two of which are much the largest and forming togetlier a 
geniculate bend ; setse of the terminal part short, partly spiniform . 
Inferior antenna (fig. 12) 4-articukte, without any trace of 
.natatory .sete, but with, a strong' defiexed, biarticulate spine 
issuing from the end of the basal joint and extending beyond the 
apical claw’s, the latter comparatively short and only three in 
number. ' 'Mandibles anrl . maxilliB of 'noianal structure. The 
three pairs of legs (fig. 13) gradually increasing in length and of 
'compa-ratively simple stiaicture, ea.ch carrying on the' end a, strong 
claw, that of ' last;' pair,’ however, mox-e, slender. ' Daudal lobes 
(fig. 14) rather broad, and each provided with four thick and 
■densely ciliated set®. . ' 

Length of shell 0*fi0 mm., height 0*30 mm., width 0*38 mm. 

form differs conspicuously in the 'shape ^ of th.e 
shell lro,m,';aiiy of. the northern Hpecies, and more resembles {.ii' this' 
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respect the South American foi*m recently described by Dr. Daday 
as Cyp'idimUa ilosvagL The structure of the legs and the caudal 
lobes is, however, very different, and on the whole in accord with 
that found in the species of the present genus. 

Occ’urreiice , — Some few female specimens of this form, most of 
them not in a good state of preservation, were found in a sample 
from Victoria Nyanza (269), taken 25/4/05 at Bukoba (W. shore 
of lake). 

General Eemarks. 

The occurrence of Ostracoda in the samples ta.ken by 
Br. Ounnington during the Tanganyika Expedition must on the 
whole be regarded as a very unexpected circumstance, since these 
samples, as a rule, were all taken at the very surface by the aid 
of a fine-meshed tow-net. None of the known freshwater 
Ostracoda are, however, limnetic in habits, such as is the case with 
many of the Gopepoda and Cladocera. They all are true bottom 
animals, though some of them are enabled, by the aid of the nata- 
tory setse attached to the antenme, to move freely in the water to 
some extent. The occurrence of specimens of this group in the 
samples may therefore be regarded as quite accidental, chiefly 
caused by the circumstance that in some cases the samples have 
been taken in quite shallow parts of the lakes, whereby some 
parcels of the bottom material have happened to be introduced 
in the towmeV'^. The great number of species determined is still 
more perplexing and could easily lead to the wrong supposition 
that the Ostmcod material procured was a very large and exten- 
sive one. This is, however, by no means the case. The material 
is in reality, as to quantity, very small, only one or two of the 
species being represented by a tolerably greafi number of indi- 
viduals, all the others otily by quite solitary specimens. Although 
the present account, thei*efore, in all probability, only gives a 
slight glimpse into the Ostracodous fauna of the three great 
Central African lakes, it will, I think, suffice to again emphasize 
the peculiar faunistic character of Lake Tanganyika, as coinpai*ed 
with the other two lakes. A glance at the annexed table of 
distribution will show that the far greater number of sjpecies are 
derived from that lake, and the eontrsist between Tanganyika and 
the other two lakes is, in this case, even more striking than in 
the case of the Gopepoda, no less than 22 species occurring 
in Tanganyika, whereas, only 'three species are found in,' Lake 
Nyasa and five species in Victoria Nyaiiza. It will,' .moreover, 'be 
seen that at the .same time only a.. single species, yer-. 
armata^ occurs in two of the lakes (Tanganyika and Nyasa) *, in all 
other cases the species of the three lakes are diff extent* Two 

* Br. Cunniiigfcon has rectnitly called my attention to the fact that several of the 
samples, and in particifiar those which turned out to be most productive hi Ostra- 
coda, were talcenauring the night ; and he has; suggested that their occurrence in 
the surface-gatherings may more properly he explained hy the very probahle assump- 
tion that freshwater Ostracoda, like many marine bottom-crustacea, rise to the 
surface after, dark." , 
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of fclie geoerM litn’e recorded fOT especiidly richly rejireseiited in 
Lake "FaDgaiiyika, viz, Pm^acj/priO' a,ud Cf/pridojms. Of the li)*st -- 
'/nanied ,genii8, no less, ti'm.n twelve tliifereiit spetaes I'la.ve been' 
fleterrrnne<h all exclnsivelv peculiar to- that lake and exhilaiting a, 
remarkable', specialisation as. regards' the exteiaial appefiranca^n 
The type 'of this' genus, /h termis G. 0 . S., as mentioned }"d')r)'\‘'('‘,' 
was found in the very same brackisli- water lagoori on the CfltJit.iia iii 
Islands from which the type of tlie Cope pod geiuts ;SV;7rk.o/^r7vr, 
was derived. The suggestions set forth in 1113' pre\^ious })aper 
about the probable origin of the several species of tiie last-immeil 
.'geniis occurifng'in'Tb.ii'ganyika may therefore. 'also a.pply to those 
of the Ostracod genus here under question. As legards the other 
■. gmmpGifpridopsis^ it' may .be ■ noted ' here, that only two 'of the 
'.ten 'species '..determined exhibit 'all the,'' characteristic ' featui'es of 
tha,<t' genus., and these: .two'. species,. do not occur in Tanganyika,, one 
of them, G. ciuiningtoni, being derived fiwi Lake. 

,'O'ther, ',/'b' (/ihha, ff'orn Fictoihi.' ..Njainza. . Ida? ' 'iniriailrring': eigiit 
species difter Mnnewhat in tlie shape of , the sliell and tiie :niutanl 
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relation of the t\’\'o valves, as also apparently in the str!K*t5irp f)f 
tlie ejaeiiiatory tn,})es in the male, and should pei-ltaps more 
propei'ly be eomliined into a separate new genus, wlsieli, in such 
case, would he exclusively peculia,r to Lake Tanganyika. 


EXPLA^bATIOX OK THE PLATES. 
Pi, ATE LXIV. 

Pffracifprht dfcHi'is (4. 0, Sars. 

Fig;, 1. Adult femalo. A’iewed tVoin ri;A'ht side. 

I2. Sauit:', (lovsal view. 

;j. Adult uiJile, seen iTuin left side. 

Anterior leii’. 

5. Posterior leg. 
a. pjUHi!il numis. 

7. Pal)) of left posterior nuixillii of male. 

S. I 'idp of right })Osterior maxilla of same. 

Faraiu/prhi contplandta G, O. Sars. 

Fig'. 9. Adult male, viewed from right side. 

10. Same, dorsal \ iew. 

Fantcppria vnuoidea (4. (3. Sars. 

Kig. 11. Adult male, viewed from right side. 

12. Same, dorsal view. 


Plate LXV. 

Pararifprla ohtum G. O, Sars. 

Fig. 1. Adult ftunale. viewed from right side. 

2. Same, dorsal view. 

tS. Adult male, vieweel from left side, 

d. Piece of the centra! part of right valve, showing the fmelj striated sculpture 
of the shell and the group of muscular impressions, 
o. Superior antenna. 

(i. Inferior antenna. 

7. Alaiidible and palp. 

8. Anterior maxilla with vibratory plate. 

9. I’ostenor maxilla, 
in. Anterior leg. 

11. Posterior leg. 

12. Caudill ramus. 

13. Inferior antenna of male. 

14. Palp of right postei'ior maxilla of same. 

15. Palp of left posterior maxilla of same, 

16. C’opulatory appendage of .same, 

17. Ejaculatory tube of same. 

; -PlatkLXVL' ■ ■ ' . . 

G. 0. Bar.*?. 

Fig. 1. Adult female, viewed from right side. 

2. Same, dorsal view. 

3. Aduihmale, viewed from left side. 

4. Anterior lips of valves, viewed from right side. 

6. Piece of the central part of right valve, .showing the muscular impfessiohs, 
6. Caudal ramus. 

FarapypriasiAanytdainQ.O.BB<m. 

Fig, ,7. Adult female, view'cd from 'right side. ■ 

8. Same,,, dorsal view*. 

' 9. Adult auale,, vievved fromTeft side,' 

10, Anterior lips of valves, viewed from right side. 

; 11. Caudal raiuus.',' , , 
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Plate LXVII. 

Pamet/pHa reniformis 0. 0. Sars. 

Fig', 1, Adult feviialo, viewed from right side, 

2. Same, doi’sid view. 

3. Anterior leg. 

4. Caudal ramus. 

Taracifpria liumiUs G. 0. 8ars. 

Fig. 5. Adult female, viewed from right side, 
d. Ba,me, dorsal \'iew. 

7. Adult utaie, viewed from left side. 

8. Anterior leg. 

9. Caudal rjimus. 


Farao'ppria opaca G. 0. Sars. 

Fig. 10. Ad tilt female, viewed from right side. 

11. SiiniCj dorsal view. 

12. Piece from the central part of right valve, showing the seulptiivc of the 

shell and the muscular impressions. 

13. Anterior lip of left valve, viewed from the inner side. 

I k Anterior leg. 

15. Caudal ramus. ' 


Plate LXVrir. 

Paracppvia claviformis G. 0. Sars, 

Fig. 1. Adult female^ viewed from right side, 

3. Same, dorsal view. 

3. Adult iimle, view'ed from left side. 

4. Piece from the central part of right valve, showing the muscular 

impressions.: 

5. ' Superior antenna. ; 

9, Inferior antenna. 

7. Anterior max ilia, witlmut the vibratory plate. 

8* Anterior leg, 

9. Posterior leg. 

10. Caudal ramus. 

PararnpHa Jtejruosn G. 0. Bars. 

B’ig. 11, Adult female, viewed from left side. 

, 12. Same, dorsal view. ' 

13. Adult male, viewed from right side. 

Ik Piece from the central part of right valve, showing tlie muscular 
impressions, 

15. 'Supprior antenna. 

'' 16. Anterior leg* 

17. Caudal ramiLs, 


Plate LXiX. 
o5//guff^n: G. 0. Sal's, 

Fig. 1 . Adult femalej viewed from right side. 

2, Same, dorsal view.' 

3. Muscidar impressions of right valve. 

'4. Superior antenna. ' 

: 0 , Infenor, antenna. ■ . 

6. '.Mandible and palp, 

7, Anterior maxilla, without the vibratory plate. 

' 8. Anterior leg. 

'' 9.' Posterior' leg. , , ' , ; 

10, Caudal 'ra'inuso" 
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Ci/pridojosis simcata G. 0, Sars. 

Fiy;. 11. Adult female, viewed from rigdit side. 

12. Same, dorsal view. 

Id. Adult male, viewed from left side, 
l i. Inferior anteuiia of male. 

15. Palp ot left posterior maxilla of same. 

16. Hight posterior raa.xilla of same. 

17. Copulator}’ appendages ot same. 

18. Ejaculatory tube. 

Plate LXX. 

Cijprulopsis cumiinfitoni G. O, Sars, 

Fig. 1. .Adult female, viewed from right side. 

2. Same, dorsal view. 

3. Adult male, viewed from left side. 

Chfpridopsis piisilla 

Fig. 4. Adult female, viewed from right side. 

5. Same, doi’sal view. 

6. Adult male, viewed from left side. 

Cppridopsis mmiodmita G. 0. Sar.s. 

Fig. 7. Adult male, viewed from right side. 

8. Same, dorsal view. 

9. I'^osterior corner of left valve, witli the dentiform process. 

Ci/p}'id(psls serrata G, 0. Siivs. 

Fig. 10. Adult female, viewed from right side. 

,11. Same, dorsal view. 

12. Posterior extremity of shell, showing the peculuir marginal serrations of 
both valves. 


Plate LX XI. 

Cifpridopsis hidentata G. 0. Sars. 

Fig. 1. Adult fenifde, viewed from right side. 

2. Same, dorsal view'. 

3. Posterior corner of left valve, with the tw'o dentiform processies. 

CypHdnpsls tumidula G. 0. Sars. 

Fig. 4. Adult female, viewed from right side. 

5. Same, dorsal view. 

6. Posterior extremity of shell, exhibiting the armature of both valves, 

Cppridopsw mmfene7*a 

Pig. 7. Adult female, viewed from right side. 

8. Same, dorsal view. 

9. Adult male, viewed from left side. 

Cpprid>opHisgihhaij,0,'i^m'^» 

Fig. 10. Adult female, viewed from right side. 

11. Same, dorsal view. 

12. Adult male, viewed' from loft side. ■ 

.7' •PlateLXXIL . 

Zonoeppris cost^ita V 

.Fig, 1. A.dult'.female, viewed from right side. ■' ■ : 

2. Same, dorsal viewo,'.' '■ 

3. Extremity of left infenpr antennal showing the peculiai structure of oPr of 

'7 the apical da svs. , , ■ ■■ ■ 
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Zonocj/pris Ir&i^is (ii. O. Siirs. 

Fig. 4. A(]nlr fernalp, viewed from right side. 

5. Siune. dru'sal view. 

6. Musctilar impressions of right valve, 

7. Extremity of left inferior antenna. 

Sleiiocp'pris perarmafa Brady. 

Fig. 8. Adnit female, viewed from right side. 

9. Same, dorsal view. 

10. Cauda i raini. 

. llcfe}'orj;priii duhia C. O. 8iavs. 

Fig. 11. Adnit fianale. viewed from right side. 

12. Same, dorsal view. 

l-'l, Alnscidar impressions of riglit valve, 

14. Caudal ramus. 


Pl.ATE LXXin. 

Xlpocfffiris prophiqita C. O. Sar.s. 

Fig. 1. Adult female, viewed from left side. 

2. Same, dorsal view. 

d. Afnscular inipressi(ms of left valve, 

4. Caudal ramus. 

I!poi‘ifp)'h nlta G. O. Rars. 

Fig. A. Adult male, viewed from left side. 

6. Same, dorsal view. ■ 

,7. Caudal ramus. 

JAmniepihere nhtufinta 

Fig, 8. Adult female, viewed from right side. 

0. iSaine, d<.>rsal view. 

10. Aliistuilar impressions of right valve. 

11. vSupfirior antenna. 

13. Interior antenna. 

Id. Right series ot legs. " ' ■ 

14. Caudal lo!>e. 

Jdamcppria eurta Vt. Q). 

Fig. 15. Adult male, viexved from right side. 

16. .Same, dorsal view. 

■ 17. Caudal ramus. 


fi. ( hi Yv'/f/y/thfo??, and on (he Relationships of the 
■ ^Idiitfitiiberciilata. By R. ButuitM, 'M.!),, D.Sc,, ('AM.Z.S» 

[ Keeeivod Aiarcli 14, lOlO.J 

(Text-figures 67 and 68.) 

In 1884 (3vveirfle8Ci'ihed, unrler the name 
a veiy remaTkable imperfe^^ skit] I submitted to him by Dr, Bxtoiu 
of tbe Bloemfontein Maisemn. . , ' Tile specimen was stated to have 
come fisim “ Thaba-'chou, BasutolandV’ and was Itelieved to be n 
Triassic iiianimal allied to the European There is 

nf> ioitality known in Basutoland of the name Timba-choUj but 
.there arc‘ several niotintainvS called Thaba.-tsiieii, and it is probably 
from one ofitliese that tlie' specimen' came*. ,In any: aiwe'wvcv'now 
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lvru3\v tliat tlie wliole of Ba.sutolam,I is on beds of Stonnberg a.ge ; 
and as tiie Storniberg beds are sitaia.ted above tlie M..olteno beds, 
which are Iciiown to be Iliuetic, and as tliey contain reriiains of 
true Crocodiles, we may safely assume that they are of Lower 
J urassic jige, and not Triassie as was supposed. 

The specimen, whicli eousists; of the almost perfe(3t snout with 
part of the intei'orbital I'egioii, portions of the malar arch, and 
the complete palate, was descidbed by Owen at some lengtli. and 
his tigiues have l)eeu frequently I'eproduced. Owen’s opinion 
that Tritylodoib was a mammal was supported by Co])e, Osl)orn, 
Lydekker. Seeley, and others. In 1894, however, Seeley, as tlie 
result of his examination of the Oynodont reptiles, came to the 
conclusion that 7V/‘^7y^ofZo/?wvas really a slightly modified Cynodont 
i-eptile : and this view has been followed by a number of later 
writers. 

Text- fig. 67. 



Si(k‘ view of Snout of Tr'di/Jodon longeenm Owen, Nat. size. Slifjlitly restoml 

— :Fr, , Erontal. Jti; J^a, Lachryruil. ' Jfa?. Maxilla, ■ Wa. Nasal. ■ 

Pa. I^datine. ih'emaxUla. SepfcOTW 


In 1904 I endeavonred to shOAV that none of the arguments 
advanced by Seeley in. favour of Tritylodon being a. reptile were 
vaUd, but that in all points Tritylodon was an untioubted 
inanimal. A ■ 
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While recently in London I nia.de a, ea, refill study of the 
which, iinfortiinately, is still the only specimen known, nn,d found 
that a good deal more could be ma,de out of the original specinieti 
than was supposed. 

Ill a coiisidera.ble number of points my, conclusions (liffei’ from 
those of Owen and Seeley, The flat piece of bone on the up|)m' 
part of the snout, which both Owen and Seeley believe to bo the 
frontal, I consider without doubt the upper pa.rt of the nasal. 
The pa,ir of imperfect bones, which form a media, n ridge at the 
back part of the specimen as preserved, are believed by Owen ami 
Seeley to be the pari etals. I regard them as the anterior lialves* 
of the frontals. The bone which Seeley believes to be the pre- 
fi'ontal I hold to be the upper part of the large lachrymal. 


Text dig. 68. 



Upper view of snout of Tritj/lodan Imprevus Owen, | nafc. size. 

Wr, Frontal. ■ Ju. .Jugal. If. Lacbrymal Maxilla. JUa. Kasai. 

Pwa?. Premaxilla. KiMaa Septomaxilla. 

: Owen gives the dental formula as iX m 6. , I ' believe tl:m,re ■ are 
pretty certainly seven molars,; and -'in front of the large, incisors 
: thereds a socket which ' probably had a small .anterior incisor.. I 
therefore '■.conclude that the' formulads -f 3, m7.,'' There is unh 
doubted evidence timt the lower molars ground with an antero- 
posterior motion ';against' 'The ' upper*' ■ '.'The , lower :',inciso,rs: most 
pnhably passed togeth'er betweenT.heTtrrgen,ipper which: 
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I l)elip!ve to be 7", and their tips probably rested a, gainst tlie 
small lb , 

Between the nasals and the premaxillaries is a pair of well- 
developed septoina.xillaries which have not pi‘eviously been 
observed. The position of these bones is seen in the figures 
given of both side and upper views. The septomaxiilaiy com- 
pletely separates the premaxillary from the nasal and passes down 
into the anterior nasal i*egion. There is no evidence that the 
na,res ha-ve been separated by a com|)lete internasal process of 
the preiiiaxiilaries . 

When the back pa.rt of the skull and the lower jaws are restored 
there is presented a singularly Rodent-like appearance. 

As regards the habits of Trityloclon^ I think it most probable 
that it was a root-eating animal, the large tusk-like 2iid incisors 
being well adapted for digging out and breaking off* the roots, 
and the molars with their rows of crescentic tubercles admirably 
suited for grinding, 

Tritylodon is the oldest Multitiiberculate mammal the skull 
of which is known even partly, and the only other Multituber- 
culate of which much besides the lower Jaw is known is one of 
the latest Eocene types, Ftilodiis. Fortunately there has recently 
been discovered and described by Gidley a good skull with the 
lower jaw in position and a number of the more important bones 
of the skeleton of Ptilocliis gracilis. 

From the study of Ftilodiis, Gidley comes to the following very 
interesting coneiiisions, which may be stated in his own Avords 
fact of first importance is that neither in the skull nor 
skeleton of the Montana specimen are there any indications of 
affinities suggesting the Monotremes, while every character is 
marsupial, as shown in the general arrangement and function 
of tlie teeth and the development of the skull and skeleton. The 
unequal development of the fore and hind limbs, the character 
of the incisors, the form of the palate, and the position of the 
cheek-teeth all indicate definite affinities with the Diprotodonts, 
At the same time the reduction in numbers of the molars and 
tlie extreme specialisation of the prernolars confirms Osborn’s 
conclusion regarding the philetic position of the group, namely, 
that the Multituberculata may be the last representatives of 
a very ancient phylum that became extinct in the early 
Tertiary. i 

“ From the foregoing therefore it appears that the Allotheria 
repi'esent an extinct group of multituberculate Eutherian 
mammals closely related with but not ancestral to the Diprotodont 
division of the Marsupialia, with which division they may now 
be classed as an InfraoxTler, or Superfamily, their relationship 
dating back to a common ancestry somewhere in the durassic or 
even to earlier Triassic times, as was suggested by Oope,.”, ' ; 

While everyone must be most grateful for the great addition 
made by Gidley to our knowIedge of the Multitubereulate struc- 
tiire, I should like to suggest that I think the case is by no 
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meivn^> pi'oveii that they are at all closely allied .to the .Mi[)rot(.:H!oi!t 
Marsiipkis. Tliere is a little aiabigiuty in ids language where 
he speaks of ‘‘ in ultituberculate EtUherkm iiia.mmals ’ foriiiiug .‘iii 
Iii!i‘iiordei‘ of tiie Marsupialia. Presiiiaa'bly he men, ns ‘‘ M.eta- 
tberian.” But it is manifest be regards the M oltitu ben* u lata as 
forming a. division of the Marsupialia. 

Let ns consider in some detail the points that are urged in. 
favour of this coiiehision. 

*• Every cliaracter,” it is said, ‘‘ is marsupial, as shown in tlie 
general iirrangement and fimctiou of tlie teeth and tlie develop- 
ment of the skull ami skeleton.'’' If by rirraiigeinent is meant 
the occurrence of incisors, premolars, and inohavs, without canines, 
tlie character is not more nuirsupitil than rodent, and a somewhat 
similar ari'angement is found in the other Eiitlieriau orders. But 
further the number of tlie molars seems to me opposed to any 
close association of the Multitubeivulates with tlie Marsupials. 
Xo liwiiig inarsnpia} has more tlian thime preinolars and almost 
every one lias four molai*s. Tiie M.ultitubercuiates have apparently 
as the normal series four premolars, and tln*ee molars as in the 
Eutlieiiii. Idle wdiole seven are seen in Allodon, and when the 

1. uimber is reduced to six as in FtUodus there seems little doubt 

that the loss is in front and not behind. From the position of 
the lower teeth I should incline to the view that the large grooved 
tooth in Ftilodas and tlie |)Osterior of the grooved teeth iiildagE 
tmlax anii are 1st true molars. But wvhatever 

difierence of opinion nmy be held on the interpretation of the 
teeth, there can be little doiilit that in stnieture tlie molars are 
tpiite iiniike anything know'll among Marsupials. 

In the structure of the skull the only points bearing on the 
affinities seem to be the following:-— 1. ‘^The malar extends 
backward to the glenoid surface, and apparently joins the lacdir}'- 
HI al bone }viitefioi‘ly as in the living Marsupials^ Tliough tlie 
backward extension of the malar is doubtless a marsupial cliara.cter 
it. is iiot 'coidiiieil tn M'arsupials, being found; in Froca/ma, MjmF 
tkerium^ and other Euthena.ns.- ' ' It is 'ur typical cliaracter of the 
Cynodbnt reptiles and was doubtless present in all early niannmds. 
The meeting of the malar and laclu-ymal is another Cynodont 
character wliicli we should expect to hud in any early luauimah 

2. The o^iput extem.ls but slightly* beyond the posterior root 
of the zfgoxmF This is a Cynodont character whicii is not met 
with ' in; Mansiipia'ls * . v. Borne approach to it is seen irr some ea,rly 
Entherians. d. "“‘’The nasals . are rehrtively huge and/broad,' ex- 
panding posteriorly." Btill another Cynodont” chaivicter whicli 
is retainediby most 'Marsupi^^^^^^ hut also By some Eutheria'ns,' e. g. 

The premaxillaries are shoi-t'and widely' separated 
'fhnmdheTrontalsffiy' the' ascending portion of tln^' maxilla.,.” ' '.This 
(diaracter., .is quite' 'common’' .in' E-uthenansf'" 5.''‘vThe, relatively 
broad, high -arched, palate' is perforated 'dm Two piirs.of’ fom.n"}ina*",' 

L fonndiii 
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In Cynodonts the palate is i-elatively iia.i*row and never pei’fevated. 
it seems prol)able t].ia.t as masticiation became esta]:)lislied a, ml 
tlie palate became greatly widened perforation would be likely to 
occur. It is still found in most Marsupials, but it is also met 
with in Eutherians, e.g. Erin ace iis Macroscelide^^ 6. ‘‘There 
‘.ippears to bean sdisplienoid canal and a well-developed alispherioid 
bulla.” It is admitted that this region is crushed and broken, 
a, lid that the chai“acters cannot be made out clearly. So far as 
the figure shows, the condition is very unlike that seen in Ma,r- 
supials, and tlie structure of the back of the jaw confirms this. 
In neither Ptilocliis nor Pkigiaulax is there any distinct angle, 
and in Ctenmodon the angle is very small. Tliis is quite unlike 
what is .seen in jVlai’supials, where both in the Diprotodonts and 
the Polyprotodonts a. well-developed angle curves round a large 
;ilis|:)lienoid bulla. 7. “ There is a distinct notcli on the inferior 
inner border of tlie [occipital] condyle, a chai’acter also observed 
in some of the living diprotodont Marsupials.” The exact shape 
of the occipital condyle depends much on the habits of tlie animal, 
and most of the marsupial peculia-iities seem to be paralleled by 
some of the higher forms. If we knew the aiTaiigeinent of the 
fora,mina for tlie ixth, xth, xiih, and especially xiiiJA nerves, w'e 
would liave a point of more value in settling the affinities than 
anytliing else connected with the skull. The lower jaw is mar- 
su],)ial in ha.ving the lower posteilor portion inllected, but in the 
]ira.ctical a.bsence of a distinct angle it differs con.siderahly. 

The humerus, it is stated, is distinctly eutiierian throughout, 
a, lid is very unlike that of any of the living Monotremes.” Thougli 
in general .shape it is very unlike the humerus of either Echidna 
or Ontlihorhg^^^^^^ and liears a .superficial resemblance to tlia.t of 
Ma.rsupiials and Eutherians, the lower end is quite unlike anything 
known in any living mammal, and certainly ver}’' different from 
the ordinary marsupial type. In fact, the articular* portion comes 
nearer to tlie monotreme type tlian to that of any of tlie higher 
forms. 

The |>elvis i.s too impeilect to throw much light on tlie affinities. 

Idle femur and tibia so far as presei'ved are eertainl}' not 
marsupial in type, being vnry uidike tho.se of either Dipmtodonts 
oi* Polyprotodonts 

Doubtless all tlie bones both of tlie skull and limbs are super- 
ficially more like those of Marsupials tllan Monotr ernes, hut one 
is too apt to forget that tlie only living Maiiotraiues are de- 
generate dwarfed digging animals, and am pivibaljl}’" much woi'.se 
types of the Prototheria than Talpa and (Pirgsockloris are of 
the' Eutlieria. 

Taking all the point.s into consideration, we find that there is 
nothing in the postcranial skeleton that is distinctly marsupial, 

* The unequal develoiiment of the fore and liind limhsi Is a point of iio weight 
in determining affinities. The condition in is probably a very recent 

moilifieation. " A similar development is met with in happing animals of various 

Pnoo. ZooL. Hoa.—-191(V']N"o; L'., 
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riiid ill t-lie skull only the iiitlexion of the jiiw ihkI tlie pnkitol 
viiciiitit‘8. .All tlie other supposed lunrsupiiiJ. eliai'iu'ters are 
featuios probably present .in all early 3riaiD,irials. 

On tlie other liaiul, tliere a.i*e one oi‘ two ehanieters stroi.igl}' 
opposed to any association of tlie Multitnberculata, with Ale.r- 
supiais. (I)- While there is no evidence of any recliictioii in the 
•number of molars, there a, re never more than three (or according' 
to Giilley two). In Tritylodoit wn seem to have the full set ot 
foni' pji'e.iiio]ars and three inola.,rs. In (Jienacodon, Flagumlax, 
and FUlodus we get a, progressive reduction of tlie pv’einolaivs hot 
the molars remain constant. Further, the ninltituberenlate coin 
ditioii is quite unlike' anything known in hlarsupiaks. It may 
been an evolution from ordinary tiitiilierculai* niolai's, l)iit 
if Irif/h/plijrs is really Triassic tlien the Multituberculates {ippcared 
.iiiiicli liefore tlie earliest-known tiituherenlate tyqies and nmy 
|jossibly Imve been independently evolved from a |:)rototlieriaii 
ancestor. (2) The presence of a well-developed septomaxillaiy in 
Tnij/lodori suggests affinity with tlie hlonotreines and is op|)osed 
to a close I'elationship wildi the Marsupials, Koth Jdehklna and 
OrnFhorIiynchu,% as sliown by Ga-iipp, have large septomaxillai'ies. 
l\o inarsiipial is knowui to have a septomaxillary, though n small 
one appears to occur in IJasyjmSj as I liav^e showm. (3) The far 
backward position of the glenoid cavity is also against a marsupial 
affinity aiid in favour of the Multituberculates being a more 
primitive type. 

In ll]iper Tidassic time we ha,ve numerous Cynodont reptiles, 
some so like mammals that it is often difficult to be sure whetlier 
tliey are inaminals or not. We also have the earliest-known 
supposed mammals, represented by ja^vs with very primitive teeth, 
Tliese eailiest riiaiiunals can haixily have been other than Proto- 
tlieiiaris, and as the Multitnbercidates also appear to arise in tlie 
Triassic and Trltylodoii is certainly not later than Lower Jurassic, 
it seems most likely that they are an offshoot fi-om the early 
Prototherian group. The Multituberculates can la^ traced I’ight 
on to Eocene times and form a well-maxked gi'oiip witli no close* 
atiinities to any other lntei‘ mannnals. Tlie Mai-supials of to~day 
are Jipparently a lately evolved group whieli sprang from a di- 
idiyodont placental ancestor probably in Cretaceous times. A 
' IHdelpdiys-Fke form is |)erhaps the most piimitive type, and fi'om 
it have been derived the various Polyprotodont types, iiieluding 
" Gmnolestes, ’which for many reasons I have long looked u|)ou as a 
sliglitly moditied Polyprotodont, and later on in Australia liave 
Ijeen ex’-olved tlie Diprotodonts. 

If we are right in concluding that the Diprotodont marsupials 
originated in Amstralia in Tertiary times from a Polyprotodont 
ancestor wliicli was itself derived in later* Mesozoic times fi-om a 
diphyodont pla, cental, it is difficult to believe tliat the Multi- 
tubercnlates which originated in Triassic times can be in any 
wa.y iieaidy related to them. In the present state of our know- 
ledge it seems w-isest' ta leave 'the" Multitiiberculata as a' distinct 



1910 .] 


AXl) THE MU Ll'lTUfiEHC ULATA. 


7 67 

in(l(3peri(:lent group witli no very near a'lfiiiities witli tlie living 
M. o 1 10 1 1 ’e i,i:i es , M. aT’.s a p ials , or E i it he liai'i 8 . 

A])Out lift}' years ago tliei-e was nineli discussion hetAVi.nei Owen 
and Ealcoiier and otliers as to tlie liahits of Pla(jhnihL<\ Owen 
liolding tliat it was a ca,rnivoi‘e, the others that it was a vege- 
tarian. Since tlien everyone 'who has expressed any opinion on 
the silly] ect lias sided ’witli Falconer ; and Grdley is also opposed 
to Owen. He says : — The evidence that Fiilodas and Playiaidax 
were not carnivorous in lia-bits seems rather conclusive, l:)nt as to 
wlietlier tliev' were insectivorous, lierl^ivoious, or fi'ugivoroiis 
tliere may still be some differences of o[>inion. I am inclined to 
consider tiieni as frngivorous since the incisors were well litteil. 
for picking sinail fruits or lierries, while tlie la]*ge cutting bhides 
of tlie loworr pi-einolars were a.dmirably ada.])ted to cutting* or 
slicing the rinds of tough- skinned berries, or to chopping up 
iiesliy fruits held against the blunt- pointed preinolai's of the upper 
jaw. For masticating the seeds of such small fruits and berries 
the niultitubercrdate inolai-s were amply sufficient.” 

It has long seemed to me that as with Thylmoleo so with 
Fifty iaidax, Owen wms right in i*egarding it as a, carnivore. The 
large size of the temporal fossm for the a.ccouimodation of powerful 
tempoi'al muselivs, the small extent of the grirnling siu*fa(ie, tlie 
cutting nieclmnism of the anterior inola.rs or premolars, and tlie 
pointeii condition and the mode of implanting of tlie incisoi’s 
togetlier witli tlieii* mode of passing between the iipi'ier incisoi’s, 
all seem to me to favour a carnivorous habit. An insectivorous 
liabit, however, seems not improliable, and most small Carnivores 
are also partly inseetivoi*ous. But a herbivorous haliit foi* such 
forms as Plaglaidax or Flilodus seems to me very improbable, 
and a frngivorous Ir-ibit well-nigh impossible. Ftilod-'US from tlie 
great dispiirity of its limbs must have been a ground-hopping 
animal which was probably quite unable to climl) trees. Even if 
it could, fruits and berries are only ripe at one or twm seasons of 
the yea,r, and an animal can only be a satisfactory frngivorous 
form if it can liy from place to place like the frugivorons bats or 
l)ird^s. Further, typical frngivorous forms like Fleropvst seem to 
I’equire neitlier powerful long incisors nor laige cutting molars 
or pi*emolars. But tlie most serious objection to Plagimdax being 
a frngivorous form is the fact thatuP^^:qy«iiHiuai lived iii Jurassic 
times, whereas wha.t evidence tliere is, is against flowering plajits 
Iiaving been on tlie eaidli before Lower Cretaueous times. Conifers, 
Cycads, a,nd' Gingkoes’ occurred diefore the Cretaceous, lint, so 'far 
as we know, no fruits oi' berries in the ordinary sense. 

It may he urged that the carnivorous niechanisni Plagimdtm 
is of a different type from that of modern cjrrnivorous iiianimals, 
blit there is this important point to bea,r in mind. Present-day 
Carnivores almost exclusively feed on other mammals or biiffs or 
i'll som.e eases fish. But the carnivorous; mammals of ' Mesozoic 
times had to feed probablyahnosf 'exclusively on.' reptiles. ■ With 
the exception ■ of ' Tritglodon . ' . which- was' proba.blv', "U ' "I’oot-eating 
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iOiiiual, it is doubtful if we know of any otiier liei-bivoi'ous type 
of inainniai in Jurassic times. Tlie loiig-jaweti, ,mai'iy“toot.iied 
small forms wei’e probably inseetivorouSj the sliort-jaweil Mailti-- 
tiiberciilatea for the most part carnivorous. Tlie jjeeulijir cuti'^iiig 
premolars and molars of the latter probably^ were used for cutting 
the scaly skins of lizards, and the tubercular molars foi* criisliing 
the bones. Possibly in Eocene times they became extinct owing 
to the developuient of tlie Oreodonts, a better* carnivorous type. 

Literature referred to, 

R. OwEX'. — “ On tlie Skull and Dentition of a dh'iassie M!iinma,i 
{Tniyiodoii longmmis Owen) from Boutli Africa.''^ Q. J, G. S. 
vol. xl. 1884, p. 14(). 

H. G. Seeley. — The Reputed Mammals from tlie Karroo Porma- 
tion of Cape Colony.” Phil. Trans. 1895, p. 1025. 

R, Broom, — On the Affinities of TritylodonL Tr. S. Afr. l^hil* 
Soc, vol. xvi. pt. 1, 1905, p. 7o. 

J. W'. Gidley. — '■’* Hotes on tlie Fossil Mainmahan Genus JHikfdiis, 
with Descriptions of new' Species.” ' Proc, 'U.S, Nat. Mus, 
vol. xxxvi, No. 1689, 1909, p. 611. 


May 24, 1910. 

Dr. Hexry Woodward, F.R.S.,' Vice'- President, 
in the Chair. 

The Secretaiy read the following report on tlie additions inadi? 
to the Society’s M’enagerie during the month of April, 1910 - 

Tlie luuiilier of registered additions to the Society’s Alemigerie 
aluring the inoxith of, April last was 249. Of tliese 1 48 were 
acquired by presentation, 52 l>y purcbase, 26 urire recta' ved on 
deposit, 9 in exchange, a.nd 14 were born in. tlie (dnrtlen.s. 

The number of departures during the same period, liy deat hs 
and removals, was 158, . 

Amongst the additions special attention may lie directed t/o : 

1 Lar Gibbon kr), from Siam, presented on Ajiril 

13th by. Lt. Stephen St.' L. Moore, B.N. '' . 

I Tayra (Ga/em barbara) and 1 Ilinloajou 
■ volvulus) J •iroxn. Manaos, - presented on April 14tln by E. Sal is 
Sell wa.be, 'Esq., C.M.Z.S. ^ 

llMonk-Seal {Alonachus alhvmnter)y ivmx Miideira, ' pre'sente<:l : 
oil' April 9th by Godfrey Williams, Esq., F.E.S. , 

' ' 1:,, Bay Duiker {Cepkaloplms dorsalkf l ' Eeclfs, 
'{Georpehw8/ze€hi)^iim\io^ the Collection, and 1 Beautiful Wood « 
"Hawk' ■ {Dryotriorchis 8pectahiUs)f horn ..Obuassip .'S. Ashanti, 
presented, on .April' 1st, by, Capt, 0.:H. Armitage. ", ", ' 




^ • 


s. 1910. PI 




1910.] THE ANATOMY AND BIOLOGY OF THE LAIIGER. CETACEA. 769 

1 TasiiicTiiian lYolf [Thylacimis cynoceph^^^ from Tasaiania, 
piircliased on April 18tii. 

2 Bearded Vultures (GypaetiLs harhatus)^ from Europe, pur- 
chased on April 9th. 

4 Mortier’s Water-Hens {Trihonyx mortieri\ from Tasma.iiiay 
purchased on April 18tii. 


Mr, Ernest Gibson, F.Z.S., exhibited a ski.n of Fdis geoffroi/i 
and made some remarks on the distribution of tlie animal. 


Tlie following papers were read : — 


1. Observations on the Anatoiny and General Biology of 
some Members of the I-iarger (Jetacea. By I). G, 
Lillie, B.A., Hutchinson Research Student of St. Johids 
College^ Cambridge 

[Reeeiv(* * * § d March id, 1910.] 

(Plate LXXIV.t and Text-tigures 69 -78 ) 


Contents. 

I. hitujdiictioiu 

IL The Specks captm'cd at Iniiishlvea. 

111. The Occurrence of Hairs ill Whales. 

IVL The Auditory Organ of Balmnoptera, 

V. TTie Asyiumetry of the Odoutocete Skull. 

VL Notes ou tlie Species : — 

(1) Balfemptera musetdus Liniueus. 

(•J) Bakewyptera sihhaldii Gray. 

( 3 ) macrociphalii^ 

VII. M.is<;elliuieaiis Observations ; — 

(1) Locality of Cajitures. 

(2) Diving Powers. 

(3) Copulntion, Period of Gestation, and R,ate of Breeding. 

I. iNTROnUCTION. 

' Within the' past seven years six.- w, haling stations have; been, 
estiiliiished in various oiitlying parts of the British Isles. Four 
sta-tions Intve been opened on the mainland of Slietland, one in 
Xorth Harris in the;irlebrides'$, and one -..on the island of./'South' 
Innishkea in the west of- Ireland. Mr. 'R, 0. " Haldane "of. 

* Communicated hy, Dr. Hans Ga.»ow, P.R.S., F.Z.B. ; ' 

t For explanation of the Plate see p. 792. 

X For an admirable short account of the history of whaling and of its recent 
establishment in Scotland, see two pa-pers by the late Thomas Southwell : Annals of 
Scottish Nat. Hist. 1904,,vol. xiii'.p. 77 ;; and' Annals '& Magazine "of' Nat Hist. ser. 7, 
vol- xvi. 1905:' See also Lillie:, Proc. Cambridge 'Phil. Soe. 'vol.'xv. 'pt. 'iv. '.p'. 34!7.' 

§ R. 'C'h' Haldane, Annals of Scottish .Nat, .Hist, 1904--i909, 
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],,(()e]ioiKL iSbeiOand, availing’ liiiiiself of tlie (vpportiniitiiert tlni.s 
olfered, lias aollecrod and publislie^d inucli iiiforinalJoii rirvlaiviiig to 
larger Cetacea captured in Scottish 'waters since the (ipeiring 
of These wliTding stations. 

Hitherto, our knowledge of whales has liceii clTiolly derivoil 
from isolated specmnens sti'anded from time to time in \’arioiis 
localities around the coasts of civilised countries. Some of tliescg 
tliough often in ;rn advanced state of decay, have l)een exa;mineil 
by zoologists, and a, few' observations have lieeii added to tlie large 
though scattered Cetacean literature. The fact that tlie winding 
industry has been eon lined to the wildest i.*egions of tire ea.rtli aaui 
carried on under the severest conditions of physical ])rivatio:n has 
pi’evented otlier th;in chance observations of tins nature lieing made. 

The establishment of whaling stations near* our shorc^s sliould 
give a new impetus to the study of Cetology and induce competent 
oliservers to visit the stations during tlie whaliog seasons. It- 
ma,)' lie hoj'ied that new liglit wull be tlirown upon the nmn}' 
obscnre problems in tlie biology of wliales before tlK?se niueli 
Irunted aniiiails become too scarce. 

During tlie spring of 1908 a whaling station was opened in the 
west of Ireland, by the Arraninore Whaling Company, on the 
island of South Innishkea off the coast of Go. Maya.) ; aiul a 
certain gentleiiiaii, who wishes to remain aiioiiyinoiis, prompted 
by considerations such as the above, came for'wa.rd witii a sum of 
money for the encouragement of the study^ of the Irish Cetacea. 
Tlris fund, wliich was added to by others, wva.s placed in the 
hands of ..Dr. S. F. Harraer, F.Il.S., Keeper of Zoology in the 
British Museiun (Katural History), wdio wuis asked to find some- 
one to visit the Irish station for a,s long a period as possible during 
tile smiiinei’ of 1909 for the purpose of studying the ruiatomyg tlie 
s]_)eeihc ciiariicters, the general biology, and other <piestions of 
scientific interest relating to the larger Cetacea.. 1 Inul the goo<l 
fortune to lie eliosen for the W'ork, and accordingly went lio 
.lnnishke<’i cm the Gth of July 1909 and remained there until tlie 
26tli of August, a period of seven weeivs. 

Tliis visit took jdaee about the middle of the wlialing season, 
whitdt begins ea.rly^ in May and continues uj) io the f.m(l ef 
8c‘j)t<miber. Idle capture of wliales last year was \'ery inter- 
mittcnt and depended largely^ on the weatber. During (be iirsl. 
part oi xoy^ stay at Innishkea tlie wea^ther \vas viiiiisually .rough 
lor July and oil]}' one wliale was caught in four vveeks, wliile in 
the^hist. foi'tnight I sa\v nearly thirty whales brouglit to slioric 

Tlie Inige size of the anima,Is makes any exatnination of i.luun 
verv^ difficult, even at a wlialing station wcitli all the nencssaiy 
a|,>plia'nces .for tlieir ,dissectio.ii at hand. Tlie lengtli of . tlie 
specinieiis seen alv .innishkea, varied between tbe li,mits of 50 a.nd 
Bo feet in a straiglit line.; ■Any whale under 40 feet is, according 
to the wdnilers, not worth shooting. The whalers have a deliintu 
-111 etliod cvf cutting up a wha.Ie wdiich: no doubt; is best suiled fo 
their purpose, though, from .thC' point of view of the ariai omi.-i the 
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process leaves iiuicli to Le desired. Tlie latter lias to make tlie 
best of the operations however, and it is so e.sseritia] in thej wlialiiig 
tiaule to dispose of the whales as i‘a,pidl\' a.s possible, wliile the oil 
is fresh, that the wlailers can hardly lie exjieeted to study the 
needs of the anatomist. A whole aninml 70 fe(*t in lengtli will 
often disappear completely in the course of a inoining. 

When a nuniber of whales <ai*e brongiit in at the same time, as 
is often the case, tlie zoologist is not greatly benefited, for they 
are all anchored to buoys at some little distance from the sliore, 
and brought to the flensing slip” one by one to be >stripped of 
their whalehoiie and blubber. Tlie carcases a,re tlien taken back 
to the buoy to wait until they can be further dealt witli. This 
method of procedure is rendered necessary on account of tiiere 
being no room for more than three or four whales on the fiensiug 
slip ” at the same time. 

Tlie whales are artificially inflated witli air directly tliey ai'e 
killed, and they are tlien easily towed liorne by the whaling 
steamer. This inflation is often a source of great inconvenience 
to the anatomist, since portions of the viscera a, re torn aivay and 
sliot out of the body~cavity when the body- wail is pierced l:»y the 
flensing knife. 

Enough has lieen said to show tliat to tlie scientific iiian a 
whaling station does not pretend to offer the advantages of 
mdiiiiited time and comfort which ai-e to lie found in a laboratory, 
ihit at a statiion all the largest whales, with the exception of 
.liakena mjjsticetus and Ilhachianectes glaums, can usually be 
seen within tlie space of three months. Yery frequently several 
individuals of different species can be examined and compared as 
I’egards their exteimal and internal characters. Tlie material is 
often sutlicieiitly fresh for histological study, which, on account of 
the gigantic size of the animals, should prove of considei'able 
interest. Moreover, exceptional opportunities ai*e offered to the 
naturalist of going out to sea in tlie whaling steam ei“s. Ma.ny 
interesting observations upon the Imbits of tlie Cetacea could 
possibly be made by tliis means alone. 

With regal’d to the smaller Cetaceans, since tlioy are seldom 
killed by man at present, material is ditiieiilt to obtain ; but tlie 
study of these animals is not at the moment so jrressing as tliat of 
tiie rapidly decreasing huger forms. 

liefore passing to conmder the observations resulting from 
my stay of seven weeks at Innisbkea. I wish to express my 
tbankvs to tlm jxnonymous donors who made tlie visit possible, and 
to niaiiy friends wiio luive helped me to eariy out the work. 

My special' thanks are .due to', 'Dr. S. F. Ilarmer, F.R.S., 
who has kindly read the proof-sheets, for entrusting me with 
the researcli and for liis valuahle help and advice. I would 
also express myliea.i*ty thanks to Mr. R, M, Baiaiiigton, ,F.L.S^., 
for his kinduess in many -ways and for giving in e the benefit 
Of his local .knowledge. I am mmder , .obligations ' to the '..'Rev. 
AY. H, Green, Chief Insp'oetor '.of fFish erics '.'for'' .Ireland, 
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IjoelieiK'L Slietlaiid. availing liiiiiself of tla;^ «')pport,ur:iitiie.s tiru.s 
ofterefl, has c'ollecred and piildished niiicli iiiforuiatiou rtdating to 
tl:ie hirger Cetacea- ea.ptnred in Bcottisli \3'a,tei'S since tlie opening 
of tl'iese wlia-ling stations. . 

Hitlierto, our knowledge of ^vliales lias l.jeen diiidi}' derived 
fi'oiii isolated specimens st.randed from ti.me to time in ya.rions 
loealitievS around the- coasts of ci\nlised conutries. Birme of tliesig 
thougli often in an advanced state of decaj, Imve been examined 
1)Y zoologists, and a feiv observations Lave Ijeen a.dded to the large 
thongli scattered Cetacea.n literature. The fact tlifit tlie Avim-ling 
industry Ims been confined to the wildest i*egioiis of the eai’tli and 
carried on under the severest conditions of pliysical priAai-tion lias 
prevented otlier than chance observations of this nature being inadc. 

The esta-],)lislmierit of whaling stations nea.r our shores slioidd 
give a new impetus to the study of C-etology and induce competent 
oiiservers to visit the stations during tlie wlia.liiig seasons. It 
may l:)e lioped tiiat new light will l:)e tin-own upon the ma.ny 
o]}sciire prol)]eins in the biology of wha.les before tliese inucli 
hunted a-uiiiials become too scarce. 

Diii-ing the spring of 1908 a ^vhaling station was opened in tlie 
west of Ireland, by the Arranmore Whaling Company, on the 
island of Bouth Innislikea off the coast of Co. Ma-yo ; and a 
eei*tain gentleman, who wishes to remain aiion^inoiis, proinjited 
])y considerations sncli as the above, came forward witli a sum of 
money for tlie encouragement of the study of the Irish Cetacea.. 
Idiis fund, wiiich was added to by others, was placed in the 
hands of Dr. B. E. liarmer, F.E.B., Keeper of Eioology in tlie 
British Miisemn (Natural History), wdio was asked to hud some- 
one to visit the Irish sta.tion for as long a. period as possible during 
tlie summer of 1909 for the purpose of studying the anatom tlie 
s|)eeiiic eliara-eters, the general biology, and otlier (piestions of 
scieritific interest relating to the larger Cetacea. I liavl tlie good 
fortune to lie chosen for tlie 3voi-k, and aci-ordingly went to 
Iiinisldvea on the btli of July 1909 and remained llioro until tin? 
26tli of August, a. I'leriod of seven weeks. 

Tills visit took place about the middle of the wlialing season, 
wliicli begins ejirly in May a.nd eoinvinues up l.o t-ho end of* 
Biiptembci-. The capture of W'iiales last year was \nry inter- 
mittent a-iid depended largely on the 3vea,tlier. Dui'ing tlie th’st- 
part of mj stay at Innislikea the 3veather was iinusri.ally rough 
for July and only one whale was caught in hmr weelvS, wliile. in 
tlie lust fortuiglit I saiv nearly thirty wdi ales brought to s!ioi*«s 

Tim huge size of the animals makes any examination of them 
p'ei'v dilricult, even at a- wlialing ' station with all tlie necessary 
appliances for tiieir dissection at band. The length of . the 
sptahiiens seen at* fnnishkea' varmd between the limits of 50 . and 
80 feet in a straight line. ■ Any wliale under 40 feet is, according 
to Idle ■whalers, not; worth shooting. The wdnders have a definite 
method of cutting up a . whale wdrlcli no doubt is best suited to' 
their purpose. tlKiugli from ■ the ■.point of -view of the anatomist, tire 
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process leaves iiiucli to 1)e desired. Tlie latter lias to iiR'ike tlie 
l.)est of tlie opera, tions howe\'er, and it is so essential in tlie M-iialing 
trade to dispose of tlie whales as ra^iidly as [lossible. while tlie oil 
is fresli, tliat the wlialers ca,n h.a,rdly lie expected to study the 
needs of the aimtoinist. A wliole animal 70 feet in leiigtli wdll 
often disa.ppear completely in the course of a luonviiig. 

When a niimlier of whales are brought in at the same time, as 
is often the case, the zoologist is not greatly benefited, for they 
are all anchored to buoys at some little distance from the sliore, 
and brought to the “flensing slip” one by one to be stripped of 
their whalebone and blubber. The carcases are then taken back 
to the buoy to wait until they can be further dealt with. This 
method of procedure is rendered necessary on account of there 
being no room for more than three or four wliales on the “ fieiising 
slip ” at the same time. 

Tlie whales are artificially inflated with air directly they ai/e 
killed, and they are tlien easily towed home Ip" tlie whaling 
steamer. This inflation is often a source of great inconvenience 
to the anatomist, since portions of the viscera are torn away and 
sliot out of the body-cavity wlieii the body-wall is piei’ced hy the 
lleiising knife. 

Enongli ha,s been said to show that to the scientific mail a 
whaling station does not pretend to offer the advantages of 
unlimited time and comfort which a.re to be fouml in a laboiutoiy. 
Ik it a,t a station all the la.rgest wliales, with the exception of 
Jitdcena m,}jsticet‘us and Ilhach/umecies glcmcas^ can usually be 
seen within the s]:)a.ce of three months. Amry frequently several 
individuals of cliffei‘ent species can be examined and compared as 
I'egards their external and internal characters. The material is 
offcen sutEeiently fresh for histological study, wiiicli, on account of 
the gigantic size of the animals, should prove of considerable 
interest. Moreover, exceptional oppiortunities are offered to the 
naturalist of going out to sea in tiie whaling steamers. Many 
interesting observations upon tlie liabits of the Cetacea could 
possibly be made by this means alone. 

With regal'd to the smaller Ctitax^eans, since they are seldom 
killed by man. at present, material is d itticui It to obtain ; but the 
study of tliese animals i.s not at the moment .so pi'essing as tliatof 
the rapidly decreasing larger forms. 

Before passing to eon.>idei* the oliservations resulting from 
rny stay of' seven weeks at Innishkea'I wisli to express my 
thiiidvs to the anonymous donors who made tlie visit possible, and 
to 3uany friends who have helped me to carry ot:it the work. 

My special thanks ’are due to Dr.' S, ■ F. llaraier, F.R.S., 
who has kindly read the piroof “-sheets, for entrusting me with 
the research and for his valuable help and advice. I would 
also exqiress my liearty thanks to Mr. It. M. 'Ikirriligton,' JkL.S., 
for his kindness in "many ways ■ and for giving in e fflie ylienefit 
of his local' knowledge. ■ ,I 11111 under ' 'obligations ' to\th'e ;Kev. 
'W. 8, 'Gi'eeii, O.B., 'Chief ’ Inspector ■ of ..'Fisheries ' for' Ireland,; 
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a.iiil to Mi\ E. W. L. Holt for much kmdnesH shown, ^to ii,ie 
at, .Iiiiiisbke^a,. I cannot express iny thanks too w'ari.a,ly for the 
coi'iiial help a.iid hospitality accorded to me h}^ Oa,|")ta.iii 
Pettersen, Mr. E. Ciiristensen, and otliers at the WlialiiigyStation. 
My sincere tha,nks are due to IMr. A. E. Sliipley, F.li.S.,for .nuiny 
kiialiiesses. To Dr. TM. T. Caiman I a.ni indebted! tui' th(3 dote.r*- 
iniiiation of the Crustacea. Einally, to .Di*. H. (,xa,dow, F.lt.B,, 1 
am vei*y deeply grateful foi* his valua.ble help with i*egMi‘d to 
several anatomical points. 

II. The Species captured at Inxishkea. 

The catdi of ndiales at Iimishkea for the opening season of 
11)08 numbered 77, and ^yas as fallows — 

b Ikilama hhcayensis Cray. 

21 IkiheuojUera ti(ti;<€(das LinuaHis. 

10 Ikdfvnojdejri sihhaldli Cray, 
bl Bcdamopiera borealis Lesson. 

1 Megaptera kna/unana Riidolphi. 

The total number of whales caught during tlie sea.son of 11)09 
was 102. Iliese consisted of five species. The nuLn])ers and 
average length of the individuals are given in tiie following 
ta.ble : — 


8jK,‘CU’S. 

Total 

nmnber 

killed. 

N muter 
ol Bulls. 

Avera^v 
length 
of Bulls. 

N«mk.v 

'•'‘'"••■its,. 

Bcdsua hweai/eHsis Gray ' 

5 

4 

ft. ins, 
43 0 

ft. ins. 

1, ; 43 0 

! Bahetiopfere musenlKis Liiuianis.' 

56 

I 

1 58 3 

26 s 6i:,» 0 

1 Bahrniophyra sihhcddil (h'wy 

27 

i 

65 5 

14' (,U,i 5 

; .BidmwpCem borealis Lesson 

d 

1 .1. 

43 0 

i 5 -12 0 : 

Bhpseler maeroeephalus Linna'us 

5 ■ 

i 

i ^ 

i , 

I ' 

! OO i 

1 


Tims tlie list of specdes taken off Innishkea, is as follows : — 

Balama hiscayensis Crtu-, 

Balmnoptera miiscidas Limiieus, 

Balcenoptera sibbcddii Gray, 

Jialaoiopteori hormlis 
Megaptera longlmana Kudolpiii, 

Bhyseier niacrocephalas Luinams, 

* lialdaiHv Annuls yUit. lUst. Ajndl CtS, 



ANB BIOLOGY OF THE LARGER CETACEA. 


1910 .] 


iind includes all the lai-gest known species of whales with the 
exce|)tioii of Balamtt rn:ysticeUts Linnieus and BJiachianectes ylmicus 
Cope. Several smaller Cetaceans are seen off tlie west coast of 
Ireiand, but tliey are not killed by tlie whalers. These include 
Bakmiopierct rostrata Giny. and some nieinljers of the subfaniily 
Ziphiime and the family Delphinidan 

Tlie speciineiis of Balama hiscayensis Cray, killed last summer, 
were taken during the first fortnight of June. Tliis species is 
said by the whalers to leave oin* shores after the end of June. 
Bcdmnoptera rnusc'ulus Liunfens Avas equally plentifid from the 
l)egiiming of May till the end of the season. Balcenoptera sibhaldli 
Cray v^as taken from the end of June till September. The 
captures of Bcikmoptera borealis Lesson, were restricted to the 
last Indf of May and the first half of June, the hist specimen 
lieing caught ten days before the first B. sihbaldil Gravr was 
taken, lids whale is sa,id to leave our shores upon tlie arrival 
of B, sibbaldii. The Sperm Wliales {Phi/seier oriacrocepkalus 
.Linmeiis) were captured lietween the middle of June and the 
end of July. If detailed records of the captures of wliales 
continue to lie kept for the Irish stations ^ to compare witli tlios<:‘. 
]:)id:>lislied by Mr. Haldane for tlie Scotch stations, we may hope, 
by this means, to tlirow some light iipion the migrations of these 
creatures. 

During my stay at Innislikea tlie following wliales were 
captured: 21 specimens of Balamoptera. viuseidiis Linmeus, 15 of 
W'hich w-ere examined ; 20 individuals of B, sihhalxUi Gray, 15 
of w'hicli wei’e examined ; and two male Bpenn "Whales (Fhyseter 
■yuicrocephaliLS Limueus), Iioth of w'liieh were examined. The 
i-esiilts obtained from tlie exaniiiiation of these wdiales will now be 
described. 

HI. The Oocurrence of Hairs in Whales. 

Tlie distriliution and significance of the sca^uty hairs of tlie 
Cetacea elo not a|»pear to ha.ve been hitheiTo studied in the detail 
they deserve. Tliey liave, been vaguely referred to as oceurriug 
on tlie jaws of some adidt forms f. Soinetirnes they Iiave been 
found on the fcetus only. 

In two a.dult Sperm W^hales {Physeier ^rumajcephcdus Linmeus) 
.seen at Innislikea, no trace of hairs eoidd be foil ml on any part of 
the animals even after careful searching, 

111 - the- .case, however, of the 'Roi^udis . Bakenoptera ' 

Linmeus, and /?. sibbaMU Gray, some 15 individuals of each 
species Avere' .examined, and it- was found that, ji definite distri- 
bution of hairs could be inade out in each case. Four rows of 
straiglit, wliite, liristleGike hairs froni half an inch to an inch in 
length occur on the dorsal surface of tliQ beak or facial region of 

’•f A secoiui Irish .station is expected to he ojjened tor the season 1910. 

t Knox, Proc. Hoy. Soe. Edinh. i. 183;t4. Kscliricht & Heinhardt, ‘M)m Nord- 
h Villen,” (^)f>enliag:en, iHtU. - ('ollett, .Proc, Zool, S<k’. I 8 Hh, P* «55. (’‘mnunclnuii, 
I'roe. Zooi. Soc. ISTP, 10 0 . 80 . Clark. Proc. Zool. Soc. 1879, p. hsS. 
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tlie liend (see text-tig. 69). Tliese consist ot tM'o inner I’OW'S on 
eitliei’ side of tlie median ri<lge Mdjicli bea-i's tlie Idow-lioles o,r 
external, iiai-es, and two outer rows following ttie edges of tlie 
],ie;ik from |,,)oint8 just lielnnul tlie l.dow-lmles ti.) i1:s ani'e,rioi’ 
e,xt,reTnitv. Tlie average nuiutier of hairs in ea.ch, row is al:>o'ut- 
eiglit. ILTie liaii's in ea.eli row occur at i:r, regular inti'rvals, Init 
tliev always keep to the above-mentioned li.nes of distribution 
whetliei- there are more or less tlian eight bail's foianing a I'ow. 


Text-fig. (>9. 



Dorsal surface of tlic healc of Ihilcmioptem sihhcddu Gray, slanviiig’ luiir.s. 


On each side of the loAver jaw (text-fig. 70) there was a row of some 
live or more iiaii'S rnnriing from the tip of tlie mandil ilc Jilong the 
middle line of the outer edge of each rai:r:uis to a point just in 
front of tlie eye. At the extreme anterior end of the inamlililii 
(see text-fig. 70), over the ligaineiitous jiUKd i’on of tlie I'a.ruij there 
^vere also two vertical rows of hairs set at right angles to those last 
mentioned. Tliese occur close togetlier and run pai'allel to each 
oilier from the upper to tlie under sni'fa,co of eacli i*amiis, The 
liairs ill tliese two rows are placed closer togetlier tliau in tlie 
others, there being generally about fourteen hairs in eai'li row. 
The relations of the hairs to the epidermis and adjoining lovers 
ill licdamoplera mifscidus Linnams, have been figured and describiul 
by (j. 0. Sars^^ in a paper published in 1865; but fortlior woi-k 
recfiiires to be., done in order to deternime whether they possess a 
tactik^ function or not. ' 

* Bars. VideiiNt.-Sci^ftabels I4iiiiu.?KlIingin‘ .biv 1,8657 
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(Oil loolving tliroiigk the Cetacean literatiii-e there a|)pears to Ije 
no record of tlie occiirrenee of hairs iri a.rlult Odoiitocetes. It 
Avonlil seem tliat tlie presence of hairs in tlie a,du]t is restricted to 
the Wha^lebono Whales ; and tkeir retention and disti'if>iitioii oTei* 
the beak and. iiiaudi]:)le in these forms may be due to tlieir 
IKjssessing a tactile function and thus serve to indicate to ti.ie 
tlie presence of its food. The small size of the Crustacea, 
whicli genera,] ly form the food of the Mystacoceti make them 
difficult to see, and since the olfactoiy- organs of the Cetacea, are 
A’er}' reduced, tlie occurrence of tactile hairs over the oiul region 
may lie a-n aih’antage, as the small food-animals might brush 
against them and thus inform tlie whale when to open its inoiith. 


Text-fig. 70. 



Tlie to}:) of tlie snout of a Avha.le is, <Af coui'se, only the prelonged 
upper lip, where one would naturally look for vihrissie. In one 
of tiie figures given by Sars in the paper above mentioned, what, 
appears to be a nerve is seen traversing tlie bliiliber at the base 
of tlie Imir * wlrich. would point to a tactile function. (.)n this 
theoiA", tlie food of tlie Odoiitocetes being of a larger size the. 
presence of tactile liairs is not so obviously required, and hence 
tlie liairy covering lias entirely vanished in tlie adult forms of 
these 'wha.les. , 

On tlie other hand it is also conceivable that the vilirissa*, 
liecause of their relative stoutness, sliould be the last ha.irs to 
disa j)pea,r; and, tlie fact tint tliey liave readied a f urther stage of 
degeneration in the Odoiitocetes than they have in the Whalebone 
'Wliiiles may lie purely accidental. 

IT. The' .Aubitoey Okoax OF 

The auditory' apparatus in 'several individuals of Jjaimtoptera, 
and i>. .was exami'ned'; 'with some ''diffi;culty. 

Tilt' 'parts o.r tlie .ear agreed fairly .w'ell.in.botii these spec.ies, with' 
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those ptirts of the auditory organ, in Jkihmoptera rostrata,^ which 
were described by Idrs. Cjirte and Macalister in tlieir excellent 
paper on tlie anatomy of a . member of that species piiblislied in 
1867. ])r. Dwiglit t lias also described the bones of the ioiditory 

organ of Ik iiiusmlm at some length in a paper piiblisiied in 1872. 
It Will thus be only necessary Inieliy to reca pitula te liere ilne 
parts of the oi'gaii wdiich ai‘e already known and to add some 
oi,}ser vat ions wdiich appear to be new. 

The opening of the external auditory meatus on the suitace of 
tlie head is a i-elatively small slit situated at a short distanc^e 
lieliind the eye in a horizontal line with tlie eoioiiiissure of tlie 
Tiiere) is no trace of a pinna. The auditory caind is con- 
tin ned batikwards from this aperture until it readies as far as the 
zygomatic process of the sqnajoosal bone where it turns iuAvivi'cls 
and, increasing somewliat in diameter, proceeds along a, groove in 
tlie stpiamosal bone (text-lig. 71 , Sq/) whicli winds round the 
postei'ioi’ boi’der of that lione to reach the tympanic nieiulnane. 
The diameter' of this tulie towards its inner and wider extremity 
w’Jis about one and a half inches in the two s|.»ecies under con- 
sidei'ation . 

The tyiiipfuiic meinhi'ane (PI. LXXIY. fig. 1) seems to ]ia\'e 
escaped the notice of previous observers. It is biglily inodiHed and 
is a sac-like structure not unlike the finger of a glove. The sac 
( PL LXXIV. tig. 1,/) is about three inches long and three -(:|uarters 
of an iiicli in diauieter and tapens to a. rounded point at the outer 
or distfd. end. Tire walls of the sac are about one-tenth of an inch 
in thickness, and consist chiefly of white iibrous tissue and yellow 
elastic tissue. Xo nerve-cells or fibres and no mnscie-fibi’es liavx-i 
l)(:fen found up to the present. From tlie uppiei* sindace of the sac 
in tlie median line a ligament aliout an inch long and o inm. in 
(lia-meter pi*ojects foiavards towards tlie tympanic caxity, ilTie 
ligament is continued along the sac in the opposite direction as a. 
I'idge. Tlie totid length of tlie tympanic sac and ligaiiient is 
about four inches. The mouth of the sac o|;)eus int(> the tYin|)fiuic 
cavity, while the outer portion projects into tlie external {luditory 
meatus. The inner extremity of tlie latter joins tlie rim of 11 h* 
sac (PL LXXIY. fig. 1, h). The ligamentous process jiasses iindi'r 
the jimction of the malleus and incius, and hec< vines attaclHrl at, its 
proximal end to the very much reduced mairuliriiim of tlie malleus. 
The malleus is fused to the tympanic bone, as has been already 
pointed out by Drs. Carte and Macalister. Thus in Bdmriopte/ra 
the tympanic ineinbi'ane ]ia.s become a sac-like organ, which 
projects outwards and is attached by a ligament to a rigid process 
of the tympanic bone~™this process being the malleus. 

In the external auditoij meatus of all the individuals examined 
jit Innislikea there was a solid plug of wax-like substance of fairly 
definite size and shape wdiich does not seem to have been hitlierto 
described. : This plug (PL LXXIY. fig. ',2) vvas' ■ iisiially about 

CbrUi A" Mamlister, Phil. Tf uis. 1867, p. 5i.52. 
t BuHmiSoc. Xat, Hist. 1872, vol. ii. p. 226* 
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5 inches long and 1.1 inches broad at the wider end. It consisted 
of a. deposit of ear-wax, which formed a cofit to the oiitei.^ siiitVice of 
the tympanic membrane in tliat i-egion wliere the latter projected 
into the external auditory meatus. The depjosit formed a solid 
mass, which could easily be detached from tlie tympaiiic meral)i*ane. 
The inner portion of the plug had tlie form of an oval ciip 
(PL LXXIY. fig. 2, «.), measuring about 11 indies across the 
l)i‘oadest part and approximately 1 inch deep. The outer poition, 
liowever, formed a solid thin flattened rod about 4 inches long 
and 1 inch broaxl (PL LXXIY. fig. 2, b). The auditory canal 
appeared to be full of water, in which the tympanic memlirane 
was immersed, with the attached plug of wax lying in a boiizontal 
position. Tlie total length of the membrane and pi ug thus projecting 
into tlie auditory canal was about 6 inches (PI. LXXIY. tig. 3). 

The Cetacea, lia,\T3 a remarkable depression on the f>a,se of tlie 
cranium on eacli side of the median line (text-fig. 71). 


Text- fig. 71. 



2fV.“Frontftl ; IV. ~ Palatine ; T'V;. = Vomer ; Ji.^Alisphenoid ; PU — Pteryg-oid i 
,Pi!:.^s= Pterygoid jilate of alispiienoid ; Portion of pterygoid, forminir roof 

of pterygoid fossa; — Zygomatic process of squamosal; jS'</.i = Zygotmitic 
process *ot' squamosal, foming roof of groove in udiicli lies the inner ]»ortion of 
the external auditory meatus with the plug of ear-wax ; cr, anterior pedicle for 
attachment of tympanic bone, situated on pro-otic portion of periotic ; 5, fenestra 
ovalis, situated on the labyrinthic segment of periotic; c% posterior pedicle of 
tympimic bone, situated on opisthotic portion of periotic ; Op., opisthotic portion 
of periotic ; Jio., basioccipital ; JSlw., e.x:occipital 

In ' Bcdmnopter a these depressions ai:*e bounded posteilorly by 
tlie projecting edge of the exoccipitaly externally by the base of the 
7 >y gomatic proeeess of the squaniosal, on the inner si de lie! li nd ) )\' 
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tlie pn)min,ei!,t e<]«‘e of the l>n,sioeei[>it:il. Tlio ;ini:e!‘ior | tori: ion of 
the inner side of tins riepressioii nnd tlie front rtf the r(:M*('\ss ore 
bounded by tlie ptei,ygoi(l and ab’s|)lie]i(.>i(l liones, wbieli .‘i-re i'lisod, 
togetiier ; tlie latter also foi’in the roof." of the anteibir liaJf of Ida* 
depression. Tims tlie anterioi* po.i;tion of t-iie cavity is boimded 
on tiiree siiles Ltj the pterygoid and exteruaily b\' the sipiainosaly 
a,.nd is known as the pterygoid fossa. 

In this recess tlie united ' tympanic and periotirr'*-' Ixiiies lie. 
The latter consists of thi'ee pa.rts : an anterior or pi.'o-otie, a (‘eni'i-al 
or lalijiinthie, and a posterior or opistliotie. The aiit.erio.r oi* 
pro-otic bone resembles a three- sided pyramid 'with, its ajiex 'pointing 
forwards and projecting into a cavity in tlie scpiaiiiiisal liciiie ribiive 
tlie I'oof of the pteiygoid fossa. 

On the inferior surface of the pro-otic, at its ]iosterior end. t.hen;‘ 
is a longitudinally flattened pedicle which unites witli the ;mb*rior 
extremity of tlie tympanic bone, d ust behind this anterior |)<*d itde 
of the tympanic — that is, between the pro- otic portion and t he 
central or labyriiitliic— there is a groo\'e running in a transverse 
direction. This furrow forms the roof of the axiditory meatus. 
The central or labyririthic portion is tlie smallest of the liiiree 
divisions of tlie periotic, and it contains the vestibule, the cochlea, 
and the diminutive semicircular* canals. The infei-ior surface of 
this bone is dome-shaped and forms the i*oof of the tympanic cavity. 
The fenestra ovalis is situated in the depi*ession which ma.rks tl'ie 
outer border of this bone on the under side. The fenestru, rotunda 
is placed some little distance behind the fenestra ovalis, arid is 
separated from the latter fiy a ridge which forms the posterior 
boundary of the tympanic cavity above. The fenestra rotundii is 
thus on the posterior surface of the labyrinthic segment, iiiid 
thus outside the tympanic cavity. The superior surface of the 
labyrinthic drone is irregular in shape arrd is turned towards tlie 
cranial cavity. Two fora inina open on this surface— the a(|ne- 
ductus Ifallopii anteriorly and the internal aiulitoiy meatns 
posteriorly. ^ The aqueductus perforates tlie bone and' opens at 
the base of tlie labyiintliic segment, and is c(vritiiHioMs v\i1.b 
a groove in tlie opisthotie division. At tlie posterior end of the 
labyriritliic the opisthotie segment extends outwaials ; ili is <*011- 
stricted at its origin, hut broadens and expands t.o\\xirds its 
extremity between the stpiamosal ami exoeci];)ital Iro'ues alrnosl. a|-. 
right angles to the pro-otic portion. In fact, tlm lahyrint!ri(‘. m.'iy 
be said to lie at the angle formed fry the pro-otic imd (ijiistliotic. 
The tympanic segment is united to the ends of these tAVo bonc'S 
by pedicles, winch are flattened in the direction of their length. 
Thus the posterior pedicle is situated on the inferior surhice of 
the opisthotie, near its junction with the labyrintliic, and is at 
right aiigdes to the anterior pedicle. 

The tympanic boneffPl LXXIT. flg. 3, d\ which is attached 
to the periotic as described above, is usually about fi ve inches long 

* Carte & Afacalister, Pliik Trans. 1867, p3. ?i. 11, 

t Carte & Macalbtor//rH\.rfY. pi. ri. io ;;' pi.: viin 
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and shfi'|)ed like ;i cowrie shell. It occupies the posterior half of 
the depression, into which it fits fairly closely (text-fig. 71 , a, c), 
its outer inferior surfa.ee being level with the projecting edge of 
the !:)a,sioccipital, the pteiygoid fossa, lying immediately in front. 
The tympanic bone may be srd<l to liave jvii inner and oiitei* 
siii'face, which meet below. The inner surface is flat, its lower 
edge lying near, but not touching, that of tlie projecting process 
of the hasioccipital ; its upper edge is smooth and rolled into tlie 
cjivity of tlie bone. The outer side of the tympanic is I'Oiiiided, 
with the convexit}^ pointing outwards. The upper edge of this 
outer side forms an irregular extended lip, which gives lise to t.lie 
anterior and posterior pedicles. On this lip, immediately beliind 
the anteiior pedicle a.nd at right angles to it, tliere is a iddge 
projecting iij) wards and nearly touching the peiiotic. Tlie imiei* 
edge of this lidge is continuous with the processus longus of tlie 
malleus, the malleus tlnis being fused to tlie tympanic bone. 
This pi'ocess, whieliruns paiallel to the posterior pedicle, togetlier 
with the latter, form the sides of the auditory meatus. 

The malleus lias been described by Dus. Carte and Macalister 
and is stated by these aiitlioi'S to he fused to the tympanic hone 
l)y the lia.iidle or manulirinni ; w'hereasDr. IJwiglitt regards that 
portion of tlie malleus which has co-ossified wdtli tlie bulla a,s the 
processus longus or gracilis. The latter wnuld seem to be the 
correct interpretation judging from tlie mode of attacliment of 
the tympanic membrane. This structure was a,ppai‘ently lost or 
had decayed in tlie specimens dissected by the above-mentioned 
writers, so they could only guess at the relationship of the piarts. 
The iiainubriiim is i*edueed to a sliort process, slightly hooked at its 
distal end ( PL LXXIY. fig. 1, h), on the ventral surface of wdiich. 
is attaclied tlie ligament of the tympanic membrane. This is the 
only attachment of the membrane to tlie malleus. The rim of 
the tyinpanicmiieinbrane sac is joined to the inner extremity of 
the external anditoiy canal. Tlie processus longns or gracilis 
(PL L'XXIY. fig. l,c) is well developed, and is fused to the inner 
edge of the lip of the tym])anic bulla,. The incus and sta,pes have 
been desciilied by pi'evious writei’sf:, and are morphologically 
similar to tliose foiiiid in other Mammals. 

At. tlie anterior end of tlie tympanic cavity, in front of tlie 
anterior piedicle of tlie tympanic bone, there is an opening wliicli 
C()mniilriicates ivith the piteiygoid fossa. This maybe regarded as 
the cmhirged inner end of the Eustachian tube. The pterygoid 
fossa, which measures from 6 to 8 inches in length, about 4 inches 
in width, and 4 inches in depth, is also a portion of the Eustacdiian 
tube, for it is lined by the same mucous membrane as tlie t}‘m panic 
cavity and the EuKstachiaai tube proper. The latter is a relatively 
narrow canal, about thi-ee-quarters of an inch in diameter, which 
opens out of the floor of the ptexy gold fossa and winds along a 

*Yaitr &''Maca-listei*,7o<’. .p- -54.. ■ ■ ' 

■f Dwight, Mem. Bowton Soc-Xat, .Hist.'l872, vol. ii. p. 226. ' 
t /ye. 254;, Dwight, 
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«i‘oove Oil tlie iiioer side of tlie pterygoid pkte of tiie alis|)l.ie:i.ioid 
(text-iig. 7I5 Pt7', ;p. 777) toojieii into tlie alveolated nasopharyngeal 
ehainber near the junction of the nai'es. Tlii>s ttilie is abont one 
foot ill length in the larger specimens. The mucoiis iiieiiibraiiin 
which lines tlie Eustachian tube an<l is continiierl into tlie pterygoid 
fossa. Mild tympanic cavity, lies directly on tlie bony wiilis of tliose 
cavities a-nd covers over tlie ossicles. 

The cavities of the middle ear are probably tilled with aii‘ tli;rovig]i 
tlie Eiistaciiian tube (text-hg. 72 ), wliile the external ear appears to 
})e filled with water. Tlie pressui*e of tlie ivater upon the tympanic*, 
ineinliraiie when the whale dives must be considerable, and it is 


Text-fig. 72. 



Diti'iTrninniitic view of the outer juhI middle eur of 'B&lrt-iwptera . 


o = external auditory meatus; ft = pi ua' <,d' ear-wax; e~tympaiiic uieinlinme attae]n<l 
to malleus hy Ikiimeut ; »/ — mullous fused to tympanie Ituue; e “ iucus ;* 
/*■•= sta|H's; // = ibiiestra. ovalis; h ~ tympmiic eavity ; J — pterygoid tossa ; 
h “ Eiistacliiau tube. 

cnrions tliat tlie membrane should be concave on its inner side 
instead of on the outer side, Tlie sac-like memlirane, being con- 
iiec*ted by ;i ligament to the rigid malleus, cannot have a vibrating 
function. Tlie animal probably^ fills tlie middle ear witli air on 
coming to tlie surface to breathe. When tlie creature dives, this 
air is imprisoned by the closing of the Eustachian tube. Tlieivalls 
of the latter are provided wvitli a strong spliincter muscle. The 
air in tlie Enstachian tube would be forced into tlie pterygoid fossa 
and tympanic cavity 'when the tube was compressed, and would 
inflate'' 'the sac-like tympanic' .membrane. .This air ivoiild be, 
approximately ' at atmospheric pressure, ■ ; , The. increase of .pressure 
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produced by tlie \^'"ater on the externa, i surface of tli.e ineiiiljiuiie 
a.s the animal dived would tend to eoiiipress the walls of tlie sac. 
Til ere may lie some means by which this increased pressure is 
made known to tlie animal, and. thus enable tlie curiously modifie:! 
tympanic membrane to serve as a pressure-gauge ; but it is not 
po.ssil)ie to assign an}" function to the .“^'tructure at present. 

The wliale probably receives sound-vibrations })y means of 
vibrating bony surfaces, after the manner of fishes. The tympani{? 
liiilla is a re]ative]3niense and heavw sounding-box, fastened to the 
periotic bone by two tliin pedicles, so that it could be easily set in 
vibration. The bulla is connected with the fenestra ovalis by tbe 
cliain of ossicles, the auditory apparatus lieing tliiis in<lependent 
of the tympanic membrane, which may have some otlier function, 
possibly that of a pressure-gauge. 

Tlie (description of tlie eai* of Bcikena mijsticetiis given by ITome''’’ 
ill 182il seems to correspond to some extent with tlie above account 
of tliat organ in Bakenoptera, The ear of the Odontocetes 
appears to be more like that of ordinary Maniiiials t. 

V. T,ee Asymmetry op the 0.doxtocete Skull. 

It has long been recognized that a want of symmetry exists 
in the Odoiitocete skull, centred round tlie nasal region ; but 
authorities seem still to be at a loss to account for tliis irre- 
gularity. M'r. Beddard;'-: sums up tbe ditiiculty tlius : — “It is 
easier to say that the asymmetry, being, as it is, clneliy developed 
in the regions of tbe blow-boles, has something to do witli these 
structures, tlian to find any adequate reason for connecting the 
two.” From an examination of the skull alone an explana- 
tion certainly does not present itself very ‘ readily. But when 
the anatomy of the head and neck of a symmetiical Mysta- 
cocete, such, as Bakeiioptem nmscuhts Linmeius, is examined, 
and tlie i‘elations of all the parts studied and compared with those 
of an !isy rnmetrical Odoiitocete, such as Fh-psater maci'ocepJmhis 
Linmeus, the |;)roblem becomes greatly simplified, and a solution 
■seems, to oiler ..itself, . , 

In tlie Oetacea the a.ryteiioid and epiglottidean ca,i*tilages form 
a long, rigid, cylindrical tube, a continua.tion of the Iarynx,Avhich 
ris^^s up through the floor of thepliarynx like a pillar and is thrust 
up betwiMTi tin' a.h'eolated walls of the imsopliaryngeal, chiimber, 
which furm tlie roof of the pharynx in this region. In the larger 
whak-'S this pipe is aJioiit one foot in length. A somewhat similar 
pipe-like epiglottis, connecting tlie larynx with tbe posterior nares 
also occurs in the Marsupials and Ungulates ; but it is less pro- 
nounced tluiu in the Cetacea. 

In tlie case of the symmetrical Mystacocetes this tube is 

Iloirio, ‘Lectures on Compurativo Anatomy ’ (1823), Vol, iii. Led., iX., Vyl. iv. 
Tilts. 1 !. cL ,■. . . 

t Hunter, Phil. Toms. 1787, p. 430. 

X Beddiird, ^ A Hook of Whales,’ p. 49. 

]boc'.> Zuoi.. ,8 o(a ■■-I9lC)^;,;;No, 
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situated in tli,e middle of tiie pliniynx. The food of tliese wl'iiiles, 
consisting ns it does of sma,ll Oriistiiceans, eon :L‘(:,‘a,di]y enter tlie 
companatively narrow pliarynx and iind Ji passage down the 
pharynx on each si<ie of the pipe (see text-fig, 73), 


Text-fig. 73. 



Tnirisverse seetioa (diagraiiimatic) of the pharynx of a Mj-stacoceto. 
a == epiglottis ; h — food-passage. 

In the Odontocete Fhi/seier the pharynx is folly four or five 
tiuies as large as that of a Bakenoptera of the same length, 
and the pipe-lihe epiglottis, instead of being placed in the 
middle of the pharynx, is on the left side close against the left 
wa.ll of the latter. The pipe passes up into the nasopharyngeal 
chamber, wdiicli .has alveolated ■ walls- ; as' in ■ Balmnoptera'^ tins 


Text-fig. 74. 



Transverse section (diagrammatic) of the pharynx of PJiijsetvr, 
a == epiglottis ; 5 « food-passage. 


chamber communicates ..with the posterior nares situated ' on -tlie 
left side of the skull. The comparatively large ariiinals eatei:,i,by 
this' - whale, 'which are -alw^ays- swallowed whole, pa.ss . dowm' .the 
spacious pba-iynx- .only - on the' right side of 'the pipe, which .is -.close 
iip.,a.gainst the left wall. an.d leaves plenty .of 'room for tlieirtra-nsit 
(see; text-fig, .74),;.' .Thus tlie-'phaiy'nx of ,/¥^?y6*e^er--in,the region of^ 
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tl'ie glottis is (livifletl into a rigl.it luilf foi- tl .10 passage oF food a.iid 
a left .liaif for respiration. This a.rrangemenfc gives a,,n asym- 
nietrical forin to tlie nasiil regio.ns of the skull. 

.Poiudiet ainl Beauregard'''^, in their a.d.mi]‘able memoir on the 
anatomy of the S|4erni 'WTiale, refer to the pipe-like epiglottis as 
l>eiiig* nsy uiinetricalh" placed ; but they st;ite that it wa.s situate^], 
on the .rig'tit side of the I'llia.rynx, wherea,s in liotli the speciiiiei,,KS 
of PhifS&Ur seen at Iiinisbkea the pipe was undoubtedly on the 
left side. These authors appear to have attacheii no sigihiicaiice 
to tlie |)ositioii of the epiglottis as bearing upon the asyiiimetiy of 
the skull, 

YI. Kotes on the Species. 

L BAL,.,ENOPTEExi MUSCULUS LilU'UeUS f. 

The leiigtii, form, and proportions of all tlie speciinens seen were 
in acicordnuce with previous descriptions of tlie species. 

Cohii-r, There appeared to be two colour-types in tins species, 
distinguished by the colour of the dorsal surface. In tlu^ more 
common type the colour of tlie dorsal surface was bliiisli black ; 
in the other variety tlie dorsal surface wtis brownish iilacky 
almost sepia. This fa.ct has been .noticed by .Mr. IlaldaneJ;, who 
attributes the difference in colour to a light-effect; but it was 
svitliciontly marked in all the individuals landed during iiiy visit 
for tlieni to lie placed in either one or other of the two groups. 

Tlie asyiniiietrical colouring of tlie face was reniai'kabh^ c-onstant 
ill all the specimens. On the right side the outer edge of tlie 
beak was white or light grey ; on the left side the beak ivas entirely 
Iduish I dack or sepia in colour, according to tlie vavuety whicli the 
individual belonged to. The anterior third of the baleen plates 
on the riglittside were invariably white, tlie remainder on that, 
side being dark grey or black on tlie outer hahu'^s of tlie phites 
and betaiifting lighter in colour torvaials their inner edges. On 
tlie left side alt the bideen plate.s were siiidlar to the posterior 
plates of tlm right side. The bristles were invariably wliite all 
round tdie nioutl i, and not black as stated by Mr. Collett § in his 
synopsis of tlie four northern species of '■.Balmno 2 '>tera, ' T^,lie lower 
jaw was.white on. the right sid.e, and bluish black or sepia, on tlve 
' left 'side.;' The whole underside, of- 'the bodyythe right, lower jaw,v 
' th 6' inner side of tlie .paddles,’ 'and the under' side, of, tlie- .flukes A„)f ■ 
■the tail were' wliite in all cases.. -. -The- roof ; of the' nio.uth'consists - 
''olV,a 'broad oval .imugin. 'of -white .bristles S'ur.i‘ounding.' a, na,.'ri"’0'w 
strip of pink palate, and below, a pink tongue covereii with, dark 
grey mottling. .Every speciineii - had' 'wdiitisli, oblong spots dis- 
'■'tributed 'over the ■ dark, .paxffs of'..the body, - identical, except in 

* Foucliet et Beimregurd, Noiivftlle.s Ardiires dn Mu.scnin (Paris;), a .st'r. vot iv 
1802, p. .50, pi. iii. . . ' 

t Known also ns ,B. Pabricitts, rnrqndl Lacepodo, Fki/mhis ai-dl~ 

t Hahhink Annals oISrotHdi Xat. Hist. 1908, p. 70. 

§ (’olU’tt. Vr(H'. Zuol. Sue. 1S8H, p. 2115. 
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size, witii tliosc'- figiii'ed and described Ijy Mr. Oolletlj’''' a^s oecurririg* 
ill Jj. borealis. Tiie spots in IL muscidm usuall}' di(l not exceed 
50 liiin. ill ierigtli. 

Throat- fjroores.~~--~In several iiidh'idimls of botli lb rn'metdifs and, 
/>. sibhaldil the skin lining tlie grooves in the tliroat-region Inid a. 
iji'iglit red appeamnee. It niifortiiiiately did not occiii* to me at 
tlie time to lisceitiiiiii tlie cause of this; but I am inclined to 
think that the i-ed colour of the grooves may be due to their 
lieiiig very highly vascular, and thus lielping to aerate the Idood. 
Tiie tiiroat'grooves of Ikdmnopiera occupy a, bout, half of the 
ventiul surface of the body, extending fi*om the anterioi* end of 
the mandible to tlie navel. In Ik musctdtts there a;re about 100 
of these grooves, in the otlier species about 60. Tlie skin lining 
the furrows is extremely elastic. When uiiextended tlie grooves 
are about au inch in width ; wlien extended they are often 
six inches ■wide. Tims they would give a, liiige aerating surface. 
Undoubtedly the principal function of these elastic furi’oivs on 
the throat is to increase the size of the inoiith-caA’ity, so tliat a 
large volume of w-ater containing Crustaceans can be taken in at 
eaeii inouthfuL The water is strained off tlnuugh the wlmlebone 
pilates, and afterwards the food is swallowed. In Bahma the 
mouth itself is very lai*ge, owing to the arched form of the skulk 
so that its capa.city is naturally ample. Hence the absence of 
throat -grooves in the Ilight Whales. The function of the grooves 
as an aerating surface or external gill, if it occuns at all, would 
be a secondary one. This theory, however, ■\\K)iild enable us to 
tUKlerstaiid the extraordinary powers of remaining under water 
attributed to which will be refeired to later in this 

paper. • 

Jacohsods organ . — On the under surface of the snout, about half 
way between its extreine tip and tlie small anterior filaments of 
wlmlebone, there 'were t^vo small .apertures leading into narrow 
tubes wdiich ended blindly about two inches from tlieir mouths 
(text- fig. 75). T1 use were tlie duets of the organ of Jacobson. 
In B. sibf-K(IdtiT\iejrAve only represented by two vsmall de])ressions. 
In iiiost Mariiumls tliese orga.ns communicate witii tlie nostrils, 
but in an adult ii. mnscidiis Xhoj are separated from tlie nost:i*ils 
by'.a distance of .some ten feet, and areinteimsting ex[,imples of the 
■piei^^isteiice of traces, of «.ii organ after it lias. become obsolct;e. .Hi 
is just ]>ossible that tlie small ducts in B.muaoidas niay Inive 
some fuiuTion, Imt they \vere not equally well developed in’all the 
' individuals examined, ■.and .in. one specimen tiny were reduced' ti') 
iuer€vde[>ressi()nB veiy much like those of ./k 
:Tedes.—ln a, ■member of this species, 51' feet, long. '.tin::! testes 
Aveie measui-ed ami foumi to be only 9 inclies in length and 3 iiicJiew 
in diameter. In n'especimeii .60 'feet' long' tlie testes were' ''2' feet'' 
'(> inciies.in length '.aiiilui early a fo6t'i.n diameter.. This„sliows tliat 
,nmle nieiubers of this ’species ■reach maturity when lietween 50'a.n.(l 
■'60 '.feet .long. . '. 

Proe. ■lBSf»,..'i). 249, pl.':Ksv'''i'. '.fig', % '. '■ ■ ' ■ ' 
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tjio Getn.eea tlie |)enis \v}ic-‘n not in u.se is ea|N,ibl(3 nf 
i>eii'ig' entirely w'itiidrawu into the body-eavity.' The 
surface of tlie body is tlius left free from ai^y |)rotnl)erance whieli 
Avoold ilinder the animal in swimiiiing. The testes i/emnin 
penrmneiitly inside the body-cavity. The penis of fm adult 
i>. inusculus measures from 5 to G feet in length wlieii fully 
extended ; it is about a foot in diameter at the base, tapering to 
a relatively fine point. 

Text-jig\ 75. 



Ventral view of anterior extremity of the beak of Balaen'Opi-cra unh'icuJtis 'Liuiueu® 
{I =s hairy inner siirface of baleen plates ; b == external openings of the organ 
' Jacobson. ■ 

/hod.' "-All exa,inination was made ‘of tlio stotnacli -contents of 
nearly ail the specimens of this species caught during tin* months 
of J uly and August, and it was found that onlytme individual, 
killed on tfuly had fed upon liemngs. The 
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ciiiva.ls of all tlie others containe<l Mq/awidvp^^^^^^ 'uorregica 
M. Bars (foiiiierly oalleti Xi/ciiphrines uorpq/iea), (JMier species 
of E!ipliai'Ksii(lje "iiiay have heeii present but only the abo\'o 
luentioned was definitely deterinined. In tlie pliaryiix t!ies<- 
(Ji‘iist'iice;-in,s were found practically intact ; in tlie stoiinicli tlu'V 
were niore bi’oken up, a.inl in the intestines they W'ere reduced t'O 
a, thirls terra-cotta, coloured fluid, the red colour being ilue to 
red piginent commonly found in the Euphausiirhe. 

Fu;t uses. —On July 31st, 1909, two female IL mtisculus were 
killed, one was 63 feet long and contained afcetns 1 foot in length. 
The othei" was 67 feet long and contained a fcetus 5i feet in length. 
Tl tis tends to siip|>ort the view that the species under considera.tion 
and possibly other species of JJalcenoplera liave no definite 
lireeding season. 

I^irasites , — Tlie external surfaces of ail tlie 7T muse id us 
exauiined w’ere entirely free from parasites with tlie exception of 
tlie baleen plates. These were very frequently coated witli the 
atlult forms and naiiplius larva} of Ikdmiophilus Ami- 

villiiis. These remarkable Oopepods have been found on the 
haleeii plates of B. hormUs \\m\ B. sihhcdMi '^\ but this appeal's to 
Ije tlie first record of their occurrence on B. mimmlm, 

2. Bal^exoptbea siBBiVLDii Gray (B. htirostris Flower). 

Tlie'' external ' cimracters of all the Innishkea specimens W’ere in 
ani'i‘eineiit with tlie clescriptions of the species given by previous 
observers. ■ ' t'' p 

Tlie insiile of the mouth, the baleen, bristles, palate and tongue 
were entirely black. 

The forms of the paddles and dorsal fins of B, /sihhaldii differ 
from those of B. muscid us ^ t\s is shown by the diagrains (text- 
iigs. 76 its 77), It would seem that the presence of a dorsal fin is 
restricted to tlie fast-swiinming Cetaceans. 

Tlie contents of the alimentary canals .were examined in the 
ease of some ten individuals of this species, ea.uglit 'dnririg.Aiigust, 
.and found to. consist exclusively of IlegmiyHiphaues norvegihi 
' ill Jill ca.ses. , ' . ■ . 

„ A. young male member of' this species, 63 feet long,, was tkilha! 
while following tlie mother and feeding upon her milk. Tlie 
'specimen liail Crustaceans in its . stornacli, shoiving that it did :nt,)t 
cl epend ' .entirely, upon the mother . for food. . 'The young of 
ik sibhakUi ■m'ersmd to be between 20 and 30 feet i,ii lengtli at 
birth, so, unless the .'period, of ■■lactation isTiniisnally proloiigei.l, 
..this would , point to a 'comparatively rapid- growth and. ilevelop- 
nientTn tlie large.r C.etace.a, as is ..maintained by 'Mr. Ha'idane t* 
.■If''t,he, pe.riod of ■.lactation, continued, as is" .ge.n.eral]y supposed,' fo.r 
'one year' the animal would increase in size to - the 'extent "of 'over 
.,'30 feet., in 'its.'first year of -life. ... .■ . ' „'.■' 

„ ., T-he external, surfaces of.'all the indi'Vidnals'of this spedes were 

■'.. '* Co'llett, ,'PTO.e, Bool. Soe. 1886,'''p.. 2-Av?. .'" 

. ^ . .. ''.'t .Hak!imi3,.A.mials 'af .Scottish Nat. .H,i'st.:Ap.nn90o','i>, 60. 
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8. PilVSETEil MAC'ROCEPHALUS LliIHILVIS ''8 

Tw’o male Hperm 'W liiiles were (.M])tiire(] duriii.^* hj}* viMil", I’lieii” 
"eneral appeiiitoice correspoialed with the (]e.seri|)tioijfs of previous 
observers. But, as tliere seems to lie a little imeertainty (‘Oiicerii" 
iiig the shape of the hemi of -tliis whale, a sketch is gi\'eii (text- 
fig. 78) of the form of the head in the liirushkea. specimens. 

The upper pait, of the animal was black, tlie ventral surface ami 
lower jarv a liglit blnisli gi’ey. A white oval patch occuiTed in 
the mitldle of tlie ventral snifacej extending from a point just in 
front of the navel to tlie anus. 

Text- fig, 78. 



Yiew of tlie left side of the head of macrocephalm Liinueus, 


On the surface of the head of one of the specimens, on the left 
side immediately over the poaition of the nasal bone of tlie skull, 
tdiereAvaa .a small groove-like depression about two inches deep 
and five Inches long. This slit was placed longitudinally jiiid in 
a straight line with the biow-hoie. It may possibly have Ijeen a 
vestige of an old nasal opening whicii was^sitll^lte(f further ]>ack 
than the present position of the blo\v~hoIe. 

■ One of these whales had 2.4 teetli on each side of the lower 'jaw. 
;Six' of thosnon the right and eight on the Mt side ivere brokeiiv 
No sign of teeth eoiild be found in the upper jaw*. 

Tl.ie alimentary .canals’ of tliet'wo Bi'ieuTfi Whales conta.ined, the 
remains of cuttlefish, and the marks of their liorny denticulate 
suckers could be seen all over the surface of the lower jaw and 
extending more than haIBway up the head of each whale, from 
Its anterior extremity to the paddles. The marks of the suckers 
varied from faintly clotted ciicidai* imprints, formed by the slight 

'MVolmigy vsyimijyrnaiis P. eaiodon Fabncius ; P. c^Moshs SclmLcr ; 
.i.fruiuiwh^iird; F. Couch ; Catodon amtralm MacLoav: (\voUHi 

Or^y; IL m'ld Galmnnh ■ . V" 
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impress of tlie lioniy teeth of the suckers upon the epidermis, to 
ileep circular cuts I'ea.ching to the blubber. In many cases the 
epidermis had peeled ofi' from within the deeply cut circles, 
exposing the coriiiin. Tiie circles varied in diameter from ^ iiieli 
or less to 1 1 inches according to tlie size of the sucker which fornied 
them. Tiiese mai'ks wei'e noticed by Pouchet and Beauregard * 
a.s occurring on the liead of aBperin Whale and were a,ttri];)uted l\v 
them to parasitic Oirripedes which had become detached . But. a fter 
com|)aring these marks with the horny rings of tlie suckers taken 
from the stomachs and intestines of the two specimens, and taking 
into a,cconiit the fact that the marks only occur on the head, there 
can be no doubt that they were made by ciittlefisli dtiring tbeir 
struggles with the Sperm Whales who had seized tlrem for food. 
The imu'king of the skin of Odontocetes b}^ cuttlefish has been 
referred to by Dr. Harmer t. 

A group of barnacles was found attached to the fonrtli anterior 
tooth on the right side of the lower jaw of one of tliese whales. 
Tlie cluster consisted of individuals of Co-nchoderina mmitfm, 
to one of wbich was attached a small specimen of C.virgatmn, 
These were the only external parasites to be seen on the two 
Speiin Wliales. 

Tlie guts of botli specimens were infested with internal para- 
sites. The determination of tliese is in progre.ss. 

. Several of the wliales were fresh enough to have permitted an 
exa,minatioii to be made of tbeir histology and of their gut 
Protozoa ; but unfortunately the necessfiry appai-atus for such 
work was not at hand at lunishkea. This was to be regretted 
since tlie gut Protozoa of tlie Cetacea are quite tinkiiown and 
very little, if anytlung, has been written upon the histology of 
wliales. 

VII. MlSCEfmAXEOtJS Obseevations. 

1, Locality of Cwptures. 

When the station at Innishkea was first opened in tlie early 
summer of 1908, wliales \vere take 21 at a distance of ten miles from 
the island. But during the season of 1909 the stefimers had to 
go at least sixty miles out to sea before they couhl find a Yvhale, 
It Was not possible to obtiiin the exact latitude and longitude of 
til e; captures, as "these were .kept . as trade -"secrets by theywlialers. 
However, it is, safe, .to say 'that all tlie wliales obtained ]:)y this 
station during the two seasons of its existence were taken within 
a radius of seventy miles, north, south and west of Innishkea. 
Tins can be explained either by tbeir being molested or liy an 
alteration in tlie distributioxi of their food. 

Daring my visit one of the whaling captains discovered about 
twenty induiduals of BalmiapUra muscatm occupying the head 

Pouchct et Ikaiircfi'Hi’d, NouvyUeti Archives da Museimi (Piiris), sen \al L 
I8sa, ]K a. ^ ' 

t Hanuor, Truir*.. Xortulk and Norwich Naturalifttis’ 8<.k\ vol. vii. lOo], p. 18«>. 
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of a.ii inlet or l:)ay al )n at ■ .sixty miles nortli-west of liinislilveM 
'vvithin tlie 1000 fathom contour. He Inmted this spot for^ 
weeks, :ih\'ays finding the wha.]e.s there, and was still doing so 
'W'lieii I left. I took {in opportunity of visiting the phice witli him 
about the iiiidflle of August mid was impressed with the ap|)arent 
I'egiilarity in the habits of the animals. Between daybi’eak ami 
id A.M. tliey were to be seen, swiinining in this deep inlet find 
blc)i\'ing every ten minutes. After 10 A.M, they disappeared for 
the rest of the day, but were all back again in the same place the 
next nioming. The captain always appea.red on tlie gi'ound at 
daybrea k, kiiled one or two and towed them home during the day, 
retuining to tlie locality over night. 

It is iiiaiiitained by tlie whalers tliat the BalcBnoptera spend 
sever, al hours near the .surface eacli day blowing e\i3iyAen niiiiutes 
and sr.orhig tlieir lilood and lungs witli air, and tliat they tlien go 
diownand reinain below for perhaps eight or twel ve hours at a time. 
Tiiey are said to avoid the heat of the day by remaining under 
wa ter dining that period and appearing at tlie surface in tlie 
early morning and evening. On dull cold days tliey may be at 
tin? surface at any time during the day, thougli they are most 
[ilentiful at sunrise. Mr. Collett-^' appeans to .irawe been given 
ti,ie same .account l)y whalers. The explanation of tliese hal:>it.s 
attribi'itefl.to thQ BalmnoiHenh if they -really occur, nmy be tlio 
risiiig and sinking of tlie plankton eaten by the Giaistaceans 
wliiclvhmirr the staple food of tlie.se whales. It is more likely 
that the mid-day heart may have some effect on the plankton, 
and tlius affect the wliales indirectly, than tliat there should be 
a.ny. direct. iiifi lienee. ■■■ 

2 . Diving Foivers, 

I made enquiries of the whalers on this subject and I was told 
tliat whales, when struck by tlie harpoon, ofteii dii'e to the liottom 
and .son.ietiniescome up with stone.s adhering, to. tlie vent,ra! suxiiiee. 
This, however, has been -denied' Inyotlier whaler.s. During :my 
visit, I fonrid on tlie under surface of one of the specimens of 
Ji. nmsculus .landed 'at ■Iniiis.hkea'a few broken spines of Eclu’rio- 
denns, which, had pierced the.e|>idermis and were lying' l)etwe{.m 
it a,.nd,,the corinm.' A'. harpooned wlia.',l,e is said to have eo.!',ue to 
tire surface with stones attached to its under .surface wlien killeil 
at a locality where, the ilepth. was.: ■givema,s 10,0 fatlioms on the 
charts .If nr naturalist were to spiend. sufficient time, on boaref ti 
wdialing steamer heeould pi-obably settle this point, for ;t]ie whales,' 
wdien dead, always torn - over o'n. their backs, and' floats 'with tlie 
ventral surf a ce uppermost^ .'so ' 'there . ■'would ' be' '■■ no' difficulty ■ in 
detecting any adhering’Stones if .they Avere present. As.su:miug 
that a harpooned w'bale doe.s not act very differently a.s rega rds 
diving powers to one under nornml conditions, this Vv’ould be a. 
simple method of ascertaining 'wdiat: those .powers are. Of course 

* C’olfett, Proc. Zoal, Sot-. 1886, p. 203. 
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tlie objection will be luised tliat if .stones are on the imiler 

siu'face, how is one to make sure how long tliey liave been tliere ? 
On this point I was assured by my informant tliat the stones are 
generally .so lightly attached that they .soon fall oif, and a whale 
could not tra,vel far with tiiem. If we may assume tliat this is 
correct, ■when a whale is captured with stones on the venti'Jil 
surface it is only necessary to ascertain the depth of the sea at 
the locality of capture, by referring to the chart, to ascertain the 
deptli to which the creature has di^ed on being harpooned. It is 
said by the whalers that when a harpooned whale, after breaking 
the haTpoon-rope, dives to a depth of 60fat]ioni.s and dies, it comes 
to the surface at the end of three days ; wdierea-s if it goes beloi-v 
tills depth and die.s it never reappears. There seemetl to be 
uiianixnous agreement among the whalers upon this point. 

3. Co'p'idation^ Period of Gestaiion and Rate of Breeding, 

The BcdmiO'ptera a.re said by whalers to copulate at the suilace 
of tlie sea. The- pair swim towards each other and turn sliglitly 
on tlieir sides so that their ventral surfaces face oneanothei-. Tlie 
male makes .sevei'al da.slie.s at the female to insert tlie penis. 
Wlien the pair first rush together tlie long axes of tlieii* bo-.lie.s 
are p)arallel with the surface of the sea; but they curve up 
vertically at the end of the act. After copulation the male is said 
to be exliausted and easily canght. 

As regards the period of ge.station and the inte of breeding 
among Cetaceans, it is ditticultto see bow any definite information 
can be obtained on these ami similar subjects, which are of 
interest to tlie cetologist and of considerable importance eoin- 
mercially, unless individuals are kept in a confined place for 
purposes of obsei’vation. This would perliaps not be such an iin- 
possilde undertaking as it would at first appear. Of the many 
deep sounds or straits, tbrough wliich tlie tides pass, on the 
western coasts of Ireland and Scotland, one (‘ould doubtless lie 
found which could be converted intoan arpiailnm for wliales. To 
do thisj’twvould only be necessary to place bai'riers at the. nioutlis 
of the .strait in order to imprison the animal and yet allow’ of the 
ingress , a,.nd egreiss. of .the tide- and food -supply. ' 'The animals, 
WTiuld have to be caught by the Japanese inethod of captin-ing 
whales, which consists of throwing a large rope- net over the animal 
and towing it to the shore 'alive.' Balcerm hiscm/erisis Gray, has 
been taken, by this, method ■aiid po.ssibly, 'other species also 

A Whalebone Whale imprisoned in a strait could probably he 
kept alive 'on the 'Organisms S\vept:' ill" by ^ each tide. 

Until some such scheme as this is brought to pass we nurst, 
continue to remain in ignorance, or be content ivith vague 
speculations, concerning many paints in the liiology of the laigcr 
Cetacea , 

K. Mi'tUius, Sitzung’^borielite der ten /.u Berlin, lii. 
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EXPLANATION OF PLATE LXXIV. 

Fig. 1. l*.i'<terior view of the riglit tyinpani<; iMeinbrnue of Baia'ntijilt'nf iiniscitiits 
Jaunanis, fallowing its attuchiiieiit to tlie nialleus. 

a. Head of iualk‘U!> with the two artioular surfnees for tlie iiieus. 
h. Muniihriuiii of malleus. 
e. Processus loiigiis of malleus. 

d. Portion of tlie lip of the tyuipantc hone to wliieli the processus longus 

uf the malleus is fused. 

e. Ligauient «)f tympanic inemhi'aiie. 

f. Haolike tympanic meinbriuie. 

Portion of the mucous meiobrane lining the tympanic cavity 
7/. Wall of external auditory canal which lias been cut near its junctioii 
with the rim of the tympanic membrane-sac. 

Fig 2. Plug of ear-wax from the external auflitory meatus iyi' Ihiheiioplera museuhLs' 
Limneus- A. Dorsal view of plug. B. Posterior view. 

a. Cui>-Iike portion for the recoiitiou of the tympanic membrane. 

b. Flattened distal portion. 

Fig. 3. Ventral view of the left tympanic bone and inner iiortion of the external 
auditory meatus of Balwnoptem mnscnlas Linnams. 
a. Inner portion of external auditory meatus with the venli’al wall 
reiimved to show the tympanic membrane and plug, 
li. Plug of ear-wax. 

c. Tvmpanic membrane. 

Tympanic boiler 


2, Zoological Besnlts of the Third Tanganyika Expedition^ 
condncted bjy Dr," W. ' (Junnington,, F.Z.S.,, 11104— 
1905.— Eeport on the Rotifera. By (Jhable 9 E. Roofc^- 
, ,, 8 El:bt,,,F.R.M.S,^-''-: 

[Received April 7, 1910.1 

(Plate LXXY.t) 

Amongf^t the collections brought back ]>y Dr. W, A. Otinnington 
from the great' iiiland lakes of.Cku'itral Africa, visited duriug tliis. 
Expedition, were o'l .number of ■■t.ube.s containing fine surface 
'P,la.u.kt(>ri iiettiiigs which I 'have searclied over for Eoti,fer;i. 

■iTlie gatherings were not specially made with a. view to collect 
tl'i.ese creatures, and -being, inoreove,r, mad©' only, from ii l)oat in 
the open water, and never .among the .vegetation near the slvore, 
t-hese eircomsta.3;ices ^ n,ia.y acco-iint for the co,m|)ai‘at.ively poor 
results obtained. ' 

Tlie Collection is, however, interesting and iniportiiiit from tlie 
fact that, with the exception of 8 species (excludrhig doubtliil 
ones.) collected ,,iii and. near tlie.'Y,ictoria Nyanza by Dr. Btulilm'ann 
in 1891 and. described.' by Dr. .Ant. Collin' (1) in .1896, and.'" 14 
a,dd}.tional species (again excluding the doubtful ones) collected in 
the Yi(!toria Nyanza.'by, Dr, Borgeit Jii' .1904, and ' (lescribecl ■ .l)y 
Prof., E. von ].)a<lay (2) iiiAObf, no previous. , records . of .'Rotifera 

Couninuht’ated by'' l):r...W. A. CcxNixCTON'jF.E.S.,,''. ' 

. ...y . t expla nation otd.hiCpiate'se^.,..p,^ ' 
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fi'om tl'te Centrj'il Africa.n Region, and particularly froiii Lakes 
Tj ill gan}’ ilea and Nyasa., have been iiaide. 

The tubes examined liy me came from tliree lakes : — 

1. Lake Tanganyika, including the Lofu river. 

2. Lake Nyasj-i. 

3. Victoria Nyanza. 

From these I obtained a total number of 37 species, of wliieh 11 
had ah-eady been recorded from the Victoria IVyaiizn, and a<ljaceiit 
I’egion. Most of these species have a wide distrilmtion and are 
known from vaiioiis parts of the world, and only one species, 
from tlie Lofu lii'er, can be describerl as new. 

In order to make this record of Oential African Rotifeia, 
complete, I will preface my results with the list of species found 
lyy the a bove mentioned authors, Dr. Collin ami Prof. \\ Da day, 
in and about Yictoria Nyanza, exciiiding tlie doulitf nl species not 
identified :~ 

Ik^tifer tmlgaris Elirenbg. (C.) 

I^kUod'ma emhd Collin. (C.) 

Triarthra longlseM Ehrenbg. (D.) 

Asplanchna hrightweUi Gosse. (1).) 

XuUrps mmroiiriLS Barr. & Dad. (D.) 

Ehrenbg. (C.) 

Tetrcmiasiix opolieAisis Zach. (D.) 

Eiichlamslom (C.) 

( Whicli is identical witli Eueldaids pregyaM^^ Gosse.) 

Afonosigla hidla Q (D.) 

Xoieus siuld/n (C.) 

IXacMonits ruhens Ehrenbg. (G. ; D.) 

„ Gosse. (D.) 

„ Ehrenbg. (D.) 

„ forficula Wierz. (D.) 

„ fidmitts Ziidh, (D.) 

„ per d?- Ehrenbg. {!).) 

Ehrenbg.' ■ .(I).). 

h- Collin JL ccmdmtm. Barr. & T>ad. 

e7dw‘siconr'rs van. lAulay, -(D.)/' 

■ A nwxm aeideata Ehrealig.' ' "(I).)'.;'. 

, , van, ■n«/e/e«-. Ehrenbg.', (C.) 

■ Gosse,. (D.) 

J^ed(dloH. mirani Hudson. (D.) 

Lake TANOAxyiKA. 

■ From tliis lake a. large number of tubes wer’e available, collected 
from Detober 1904 to February 1905, all fine tow-nettings made 

some distance fi'om tlie sliore and near the followiaig localities: 

Mbete, soutisern end of lake; Koniba Ikiy, sontli-western «‘orner; 
Kahn a short distance ii}> tlu* eastern shore ; Kasawa. on tlio west 
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eoasb ; Yna.lij:»r].)onrj on the \vest coast ; Bisiuai'kliiirg (KM^sitiga), 
on tlie east ceast ; Maswa, on the east coast. 

All tliese samples contained vast quantities of iiiicvoscojiit* algre 
ami diatoms ; but tlioiigli I searched most diligently for many days 
and weebs, I succeeded in tinding only 10. species of llotifeia, an<l 
very few .speeiniens of these^ and notbing new. Tliis |)a.iidty of 
Ilotatoriiiii life is certainly most remarkable for siicli a vast la ke ; 
but it is p>roba]:)le that, had collections been naide amongst the 
vegetation near the shore, a greater number and varicdy miglit 
hav'e been ol>tained. I understand tli;it the water of tiiis laJce 
was fonnei’Iy somewhat brackish, though the actual sa.iinity was 
ne^ er ascoitained, and also that the Cladocera aie totalh' al.;sent, 
wliilst the Coiiepods a)'e abundant. 

Ju(t[ftra found in Lake lAtaujanyiku, 

Q^eistm (sp 4) (tidies only, on ILuraaiella), 

Polyarthra platyptena Ehrenlig. 

b’yachteia (sp. ?) (badly preserved and wholly contrjuiteil). 

Asplmf-chna, mtermedia liudsun. 

RatPiihis stylatus Gosse. 

Ehrenbg. ■■ ■ 

Gosse.- 

oya/yjmft' ' ' 

Ehi^rnhg. (vciy small V 

Of these, the only species which was found in some fdmndance 
and from various parts of the lake is the sniall variety of 7- 
onm pala^ measiiring only 205 p in total lengtl) of the loriea. The 
Eui-opean specimens usually nitasiire 525 p, and soiae exc(q»lio.uajl>' 
lange specimens found in-Ormsby 'liroaiOni Norfolk, attain a,, size 
of 442 p- 

; Special interc.st attache's'' to tlie presence in TaugJiuyika. of 
Jsjdnnchua intermedia, as 1 was not able. to. reconi anj^ memlaM*' 
of this' genus from aSouth Afiica (3). 

y Lopu Eivpr.. . ■ 

vThe Lofn river is a '.lar-ge tributary of laike Ta'tigauyikm 
entering it at its extreme south-western corner. ■' 1 pive Ji sepa ra te 
list of species found in this river, as the Rotatoria n fauna sliows a. 
I'luii'keil iiicrease in numbers and variety as 'Compared with tlio 8(3 
f oiuid in , the la.ke.. . 

Although only two small tubes of material were collected by 
the tqw-net. I 'O'bta'ined'therefioin''23'specdes,: 0 iie 'of winch is -no'w 
to ^deiiceyiiid altogether diftk-ent from anything known ; the 
specimen is hgured' onTlate/LXXV.'and'.deseribed' below under 
the name of N&iops'dcfuana, sp. in The two gatlurifigs werc^ 
made in (.ktober 1904 ahoutra mile and a half fn mi the mouth of 
the river, so that it is quite clear that a far greater number erf 
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Rotifeivs iive cjiiM'ied ii.ito the Like l>y this river tliaii can a.fterwar<ls 
be found in its watei*. 


Iiotifera found In the Lofa Mirer. 

tMcistes niucicola Kellicott. 

LinmiGS (sp. ?) (tubes only). 

Crdlidina (sp. ?) (wholly contracte<I). 
SynchctUt oblorrga Ehrenbg. 

Motops lofaana^ sp, n., E-ousselet. 

Frfxdes daphnicola Thompson. 

Maitidus lonyiseta Bclirank. 
gracilis Tessin. 

,, hi crista tits Oosse. 

,, macerus Gosse. 

EvManis Iii/alwa Hudson. 

,j oropha Gosse. 

57 propatula Gosse. 

2fonostyla hmaris Elireiibg. 

Cathgpna lemdina Turner. 

,7 v/ngidata Gosse. 

7 , luna Ehrenbg. 

Salpina macracaniha Gosse. 

Fierodina trilohaia Shephard . 

]S^otea8 qaadricornis Ehrenl>g. 

7, 5j Yal^ I)a,(:la 

Brachiorms niilitaris Ehrenbg. 

Animm' acideaia var. Ehrenbg. 


IsoTOPS LOFiJAXA, sp. n. (Plate LXXV. flgs. 1-3.) 

Aniongst the llotifera found in the Lofu river there is one new 
species which appears so different from any known kindj that I find 
difficulty in assigning it to any known genus, llnfortrinately 
the only specimen available is not sufficiently well preserved to 
enable one . to be sure That the- integument is not tO' some extent, 
distorted, ' Its general slmpe^ a.nd-a-ppea..ranee'suggests a- JFotops, or- 
Gastropus, and in the- absence of 'a, fuller knowleilge of its' anatomy 
I haa^e provisionally placed it in this genus iiiidei; the above name. 
The. fi-gs. 1 and '2 of Phxte LXXY. give '.an -, exact outline of its 
a.ppearance ,in dorsal ,a.nd lateral view, -and lam indebted to, my 
friend Mr. F. E. 'Dixon'-Xuttall ' for these a'cenrate, drawings winch- 
he has.'im-ide from the mounted- specimen. , l?ig. E-'reprevSentsdthe' 
Jaws,' which- 1- have drawn -under great 'difficulties -and a-s,'acciirate]y- 
-as- was ,,, possible under- the ■ Gircuinstiinces-. - . 

The anterior half of the body is stout, somewhat compressed 
dorso-ventrally, presenting a wide semicircular front v'ith ];)road 
laterallobes. The oial region appears to project prominently on 
the autero-^'entral side; but it is quite possible that this appeal mice 
may be due to distortion, as the whole animal is not very well 
preservcRl. The posterior half of the body, whidi shows a deep 
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constriction belnnd the great frontal lobes, is globose in shfipe, 
higii and rounded dorsally, contracting sharply p os tero-ve id-rally 
f;.)r the issue of a short tubular foot, a.ppare.ntly cue- jointed, and 
cfirrying two fairly tliick toes. The iiiteguinent is tirin but not 
lia-rdened into a, loriea... Two red frontal eyes are [ireseut, w'idi:^ 
apart, and situated near the middle of tlie lateral ]ol»es. 

The j arcs are shown in hg. d; I must sta-te, however, that, 
owing to a graindar* deposit below tlie integniiient, wliicdi I was 
luiabie to (dear- or dissolve with potassium liydrate, this figui'e 
must 1)0 taken as on approximately correct. I lia.ve unfortunately 
Ijoeii unable to olitain a clea-r view of the various parts, but the 
tigiu'e represents as mucli as I have lieen a,ble, though imperfectly, 
to make out of tlie structure. Tlie ra.mi are broatl triangular 
plates resting on a, long straight fulciann, wdiicli a|:)pears to be 
suiTonnded by a coarsely striated muscle ; the mallei consist of an 
iiiiciis with four teeth of Avhich the anterior tootli i-s tlie birgest 
and curved, and a narrow manubrium directed outward. 

Tlie very imperfect state of pre.servation of the speciinen did not 
enable me to make any observations regarding tlie inteinal organs, 
the stomach, intestine, ovary, glands, muscles, iko.^ being wholly 
dissolved into a graniila.r mass. A short tnbidai* dorsal antenna,, 
however, is distinct on the dorsal side behind the middle of the 
head.’^’' 

Th^tal length, ill eluding foot, 204 g in.). 

AVklest part, aeroas frontal lobes, 108 p in.), 

Lake 'jSTyasa. : 

A considerable number of Plankton collections ivere made in 
this lake in June 1904, and I examined many tubes full of line 
Algie and Diatoms ; but only in two of these, fi'oin Monkey Bay 
aiuT Anchonige Bay, situated at the southern end of tlie lake, 
could I find a very few Itotifei'a, six in all, as follows; — 


Motif era found m Lahe iVj/am, 

JJiureUa St ylata EjTert. 

MaUidus stylutus (losse. 

Jdmcldorms pala var, dorcas Gusse. 

,, milltarls Ehi*enbg. 

A^othoMa' kdns'Gosse.,. 

Jnimm aetdeake viii\ valga Elii'enbg, 


8oou alter writing tlie above description I received from M r. H. K, Harring of 
Wadiington some drawings of Rotifera colletded in that neighbourhood, and nniougst 
these was this same extraordinary species, which he had found in soine abundance 
near Wasbmgton, r.S.A, The extended iinimal shows a hannaer-slnijx-d head with 
two largcvcircular ciliated lobes projecting outvvard, a tubular Inn^cal region, and two 
mi eves situated very vvide apart on the ciliary lobes; otherwise the gvnertil shape 
of the animal is well represented on Plate LXXV. No doubt Mr. I birring will 
pnddish Ids draw iiigs and description of this very Htiangf; aiuinul whicir will 
eertaiidy mpdre a iiew genus, if iKd a imv fanniy, 
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Yiotoria Nyanza. 

Oiilx a very few collections from' tiiis lake were a.wiilalrile ; tlie}' 
were made near the slir»re at Bukoba oii'tlie west coast in April 
1 905, and from tlmse I obtained the following 8 species of liotiferaj 
all of wdiicli are ali-eady known from this lake — 

2ronostyla hidla Gosse. 

Jhriiddoims bakeri Elirenljg. 

,, falcatus Zacb. 

,, forjlcidfi Wierz. 

5 , caudatus Barr, & Dad. 

dchizocerca diver sicornls kornoceros [)ad:;iT. 

Aruirma acidedta var. Ehrenbg, 

,5 cochlearis Gosse, 

In this list the presence of a number of rare species of Bmclii- 
onus is notable, a fact already noted by Prof. a\ Daday. It is 
evident to me that a more thorough exploration of the inicro-fanna, 
of this ATist and shallow lake Avould reveal a A^ery consideral>le 
Ilotatorian fauna;. 

Excluding the feAv species AAdiich could not be identified, the 
above lists contain 37 species of P^otifera collected by Dr. Cun- 
ningtoii in the great lake regions of Central Africa, of Avliicli 
11 species Avere already knoAAUi by the work of Dr, Collin and 
Prof. A^ Daday, and 21 of -these -species Avere,, also previously 
recorded bovine from >Sonth Africa, AAdiilst one species is new to 
science. 


Lake Albert. 

V IlaA'iiig.also received for: examination.' a A’ery small .tube of* 
-Plankton mat-erial collected AAoth' tlie-Aow-nedi in July 1907' in 
Lake, .Albert '.by ,Dr. R. ' T. ' Leiper, tlie. Burg-eon accompanying . 
fin expedition sent, . to'. -this-'' region , 'by the Egyptian Survey. 
Department,: I A\dli ' .here record the'' -three sj^ecies of Ilotifeiu ,■ 
.fo'und ' therein n— , 

Wfe Gosse. 

' A'hfewx Ehrenbg. ■ 

Ih'mMomis bidentatfi Amlerm 

The last mentiontai -species appears ,to 'be a- ei*y 'rare, 'having , been ^ . 
found only once since; its- first disco'Arery in llakmtta.'by.^An'cI-ei’s'o-ii-: 
in-' 1 89 1,, namely, in Bulgaria by Dr. Konsiilofi (who sent me some 
specimens 'for, id'entification) about, tvAm^yeai’s, ago. 


',FRo-e-.. .Zoom, 
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Distribution of IIdtifeea in Central Africa, lieiiig a list of 
ail the species known from this region at tlie present time. 


fMcisfes nvueicola Kdlicott 

JRotifer viilffaris Elirenbg 

I odina em ind Col 1 i n 

JPolj^ca'thra platyptera Ehrenbg. X 

Triarthra longiseta Elireiibg' 

Synehceta ohlonga Ehrenbg 

AsplmicJma intermedia Hudson X 

„ hrigMivelli Gosse 

Wotops macrourits Barr. <& Dad ... 

, , lof liana Rouss. 

JProades daphnieola Thompson 

Copens eo'pens Elirenbg 

Teh'amastix opoUmsis Zach. , ... 

Ma ttnlus longiseia Sclirank 

„ siylatns X 

j, Tessin 

„ hicristatus Gosse i . ... 

5, Gos.se ... 

Diurella stylata Eyferfc , ... 

Mnchtanis hyalina Bjidison 

,j Gosse ... 

„ Gosse ........................... ... 

Monostyla hmarisWaviivdD^. ... 

„ htilla Gosse X 

Cathypna leontina -i ... 

■ ungulata (jobbq 

■ „ . luna Elirenbg. ' X 

Salpina macracantha CdBBQ ... 

„ Ebrenbg. X 

Tterodina trilohata Shephard ■ 

'Wotmis gmdricornis Ehrenbg ■ 

„ „ \n\v. hrevispiniis T)n.diXY ... ... 

5, ' stnh Immm i Collin ; 

/a, Elirenbg. X 

,j „ var. Gosse 

, Ehrenbg 

„ , Zach. ........... ' 

„ ■' Jhr,fiouI a \Nievz. 

5, Barr, & Dad. .. ... 

angularis Gobbq 

Ehrenbg. . ... 

; ''' ' Ehrenbg.; ^ ■ 

, 'Andersoii ... 

■ ■ SeMsoeerca dimrsieorms var. Jwmnceros 'Daday . ...' 

, ' Anuraa aculeada /Ehveiiihg. . ■■ x 

» 3, var. valga Ehrenbg. ... 

T, ■ coe/i./enris, Gos.se; 

■Notholca Gosse 

; ; 'JCedalion m iriim ; I-Indson ■ . 


■■ ^ ' ~ Drs. Collin & Daclay'a 

XXXX XXXXXXX XX X X XX XX X XX 1 hst of Yietork 

. Nvaiiza liegion. 
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EXPLANATION OP PLATE LXXV. 

Fig. 1. N'otops lofiiana Kousselet, dorsal view. X 3t»<). 

2. „ „ „ lateral vie\v\ X 360. 

3. „ „ „ the jaws. X about 700. 


.,3. : The Marine Ekauiia'of the Mergin' Archipelago, Lower 
Burma, collected by Jas. J. Simpson, M.A., B.Sc., and 
;R. N.' Biidmose-Brown, D.Sc., .University of Aberdeen, 
February to May 1907.— The H,ydroii>s. ' By James, 
Eitchie, M.A,, B,So., Natural History Department, The 
Eoyal Scottish Museum''^. 

[Received April 28 , 1010 .] 

(Plates LXXYL&LXXYILLaiid'Text-figh ' 

The Hy droids Were represented in the collections brought 
together in the M erg ui Archipelago by Dr, John Anderson in 
1382, and described in the Journal of the Linnean Society for 1889, 
by a xneagi'e total of bix species, two of wdiich were regarded by 
Hiiicks as new. The reasonable anticipation that the careful 
collecting of , Dr,„ B.ro wn and... M,r.:' Simpson', would add many species 
to the Hydroid, fauna of .this region of .the Indian 'O.cean has been 
amply fulfilled ; for the present collection, confined to a littoral 
a,rea, contains .representatives of. th'iity species, only three, of, which 
{Ccmipamdarm mrklentcUa md Idia p7^istisy both widely distributed,' 
species, mid ^Aglaophe^iia crispala, synonym of; Lijtoccirpws pmi- 
B'illaitl, 19'^ 329) were included ..in Hincks’s list. ■ 

■ '"■■ As on.ly two.', of' the species, being '.tlescribed,. as' .new,' tp science,' 
must ..he , regarded as peculiar to the' Ai’chipelago, the eo.i'lectioii: is. 
well fitted to show the relationship which the Hydroid fauna 
bears to that of neighbouring seas. Leaving out of account 
an im determined species of nineteen of the Alergui 

species have already been recorded from tlie Indian Ocean, 
the majority of these occurring off Madagascar and the eastern 
shores of Africa. The remaining ten species, indicated by 

' . ' ■ ■ , ; Commatiic^fce^ 
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asterisks in tlie following list, Iiave tlins been addoti to tlua 
fa.iina of tbe Indian Ocean. As to tlie wider j.*elationslii|;)S • 
Three species a,re peculiar to tlie Indian Ocean (Corj/dejidnmii 
sessile j Ilebdla erateroldes, Calj/cdla oligUta)^ leaving twenf;}- 
six to be accounted foi\ Of these, twelve are so widOy 
distributed tiiatj their oeciirrenee, empliasizing tlie nornial nature 
of tlie fauna, can give no indication of special atiinity' : tlii*ee, 
being found in tbe Atlantic and North. Pacific Oceans and in Aus- 
tralasian {O^m'eidarella lacerta^ Fluinidaria setacea^ Aniemlla 
sectmdaria) ; Awo in the . Atkntic and North Pacific Oceans 
{lA/ngormrms repens^ Carapanmlaria iHcr^^^^ ; find seven in tlie 
Atlantic Ocean and in Malay'-Australiaii seas {lAnmirm disiich.a^ 
Ilahciura tenellmn., Oampamilaria corrugata, IleMla ecdcamta. 
SerkdareUa polyzouias^ Idia prist Biphasia diglkdis). Of tlie 
reiBcaining fourteen, four have been found only 'in tlie Atlant ic 
Ocean (Eadendriimi attenuatim, (Juspndella costatcc, Lqfom serraUi^ 
Litfom venusta), seven in the .iMalay- Australian area 0diidendriwiii 
generalise Glaclocorym haddond, Hakcktni smiplex, Thyroscyphm 
. mtmisise Sertularella cylmdrim, Sertidarelki qimdridensl dertularia 
ttirhimita)e'Qm in the North Pacific Ocean ( Thyroscyphm regidems), 
and two in both the last-named areas {Lytocavpm peimmdm and 
A. pdmnicet^s)', ■ 

The closer relationship is: obviously with the fauna of the 
■pacific Ocean (represented 'by ten' distinctive 'Species), ' and in, 
particular Avith the Malay- Australian 'portion; of, ' that ' ocean 
(i-epresented% seven -species). The' significance nf the -apparent: 
Atlantic aifiiiity is minimise^^ when it is understood that of 
the four species comiuon to it a.nd the Mergui Archipelago, one 
{EidmidAimn aUmnmtmi) is identified nd,th,; much - doubt y while 
the remaining three are very minute epizoic species, the presence 
of which in other regions may conceivably have been overlooked. 

It is remarkable that of the thirty .%>ecies recorded, seven- 
teen were found climbing upon larger Hydroids and one ii|k'>u 
a Polyzoon, the .majority being mintite^ haliitual epizoa, be- 
longing- in tlie main to the -families Halecida?, Campanularida:*, 
Campariiilinida3,andLafoeid{e. Tbe.examination of t]-:iis collection! 
"and of otliei's,^. leaves 'with me the distinct 'irii|':iression tlmt the 
epizoic Hydroids are not ■ distribx.ited indiscrii.uinate1y iipo:n 'all 
..types of Hydroid host. ■ Thus, in general, the members"of the 
family. Plinnularid& remain comparatively free from extinmnius 
g:rowtl:-is---a. fact- to be "eorrekted, perha.p.v\vith iilmr jiossc'ssion 
of nematophores ...'while colonies, belonging -especially t'.o tbe 
-fa'iniiy . 'SeiTuIakdae,, are. 'occasionally ..' so ove'xgTow.u 'tliat the 
; &ti iictiii .of tile host are 'much-. obscured. Even distinct pre" 
,ferencesfor^.ce:ifa.'in^ species -may 'b^ Taking, for each 

epizoic sp.ecios in this collection, -the- total" numbers of - stations at 
-which "it:WES found,;'and'afiding ^those numbe.m for all .'the- epizoic 
'Species, we find that' epizo'ic species were 'found 'at a' sum.' total of 
firty^/ve stations.-,,- At tkirtydwo of these '/fe''',,'pf6yfs 'w 
the only host, or one of the hosts where more than one spiaios 
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wa-s infested; Thip'oscyphus nine; Seritikmlla quad- 

rklem at four ; Uarydendrium. sessile^ EudpMdHivm atUnimUmi, 
Lytocarpus plmmceus each at two ; .and JJlphasia digitalis and 
IdMmidaria setacea eR-cli at one. This result bears out the 
impression gained from liandling tiie collection, that Idia 
pristis is reinarkabiv subject to infestation by extraneous Hydi-oid 
colonies. Frequently its liydrothecje were all l.>ut obscured by 
the attendant growths of Hy droids and Polyzoa, and this 
although the state of the hydranths and of the cceiiosarc generall}", 
indicated that the host colony was in a perfectly healthy coiiditioin 
The occurrence, in Zafoea venusta (i), of wdiat appeal’s to be 
a. step towards a more intimate symbiosis; of a canaliciilated 
crenosarc in tlie stem and branches of Eertidtirella qimdridens ; 
of tlie liitherto undescribed gonosomes of Ilahcinm simplex and 
ThyroscypJms regidarisy are wmi-tby of notice. 

Finally, I would expre&s my tiianhs to Dr. B. X. Budmose- 
Brown and j\Ir. J. J. Simpson for entrusting this collection to 
me for examination. 

List of Epiecies. 

I, GymnoMastea. 

Family C.la,yid/E. 

^^dJorydxmlrifMfi sessile, sp. n., p. 802, 

Family BouGAiNYiLLiDUi:. 

PerigonimaLS repms Wright, p. 804. 

Family Eijdenbrib.p. , 

'^dEiuleadriwm^ aiteniuhtu^^^^^ 

„ genemlis Lendenfekl, p« 805. 

, Family Corynib.e. 

CTadocury we Kirkpatrick, p. 805* 

Family Pexnarii).®. . ■ 

Pe7Wiarm disUcJm G-oldfuss,. var. emwimlis Bale, p. 80 (h 

II, CalyptoHastea. 

Family. HABEcm'iE. 

,, Hincks (?), p, 808r 

. Family ' Camp ANULAK iBiB. 

' ' ' Camqxmtdaria cam^yai{«i'Thornelj 5 ''p. '809« ' 

„ 7'mddm%tata Aldm, p. 809, 

Ilehellamloarata. K, 810, 

„ Bitchm^^ 

, •Tliyroscyphns regulmriB J ad'erholm, p. , 8,1 1 . 
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■ Family Oa-MPANItlinid.®. 

^Opercidarella lacerta Jolinston, p. 812. 

^CalyceUa olujista, sp* n., p. 813. 

eostata, Hincks, p. 814. 

Family LAFOEimE. 

Lafoea serrata Clarke, p. 815. 

„ veniLsta Allnian (?), p. 815. 

Family Seetularid-e. 

^ertidarella cylind/nca Bale, var, ii., p. 817. 

„ 2)oly::oniaH L., var. cornuta Ilitclne (?), p. 8 1 8. 

,, quadridens Bale, p. 818. 

Idia pristis Laniouroiix, ]:>. 820. 

Idphasiu digitalis Busk, p. 821. 

Sert'ulm'ia iurhinata Lamouroixx, p- 821, 

Family Plumularih.e. 

Mic'midaria setacea Linn. (?), p. 822. 

„ sp. indet., p. 822. 

jinteneUa semndaria Gnielm, p. 822. 

Lytocarptis jye/nnarhis hiim,, ]). 

„ phmnimm Busk, p. 823. 

* indicates a species recorded for tlie first time from tbe Indian Ocean. 

Systematic Discussion. 

I. CTMFOBLASTEA. 

Family ClavidyE. 

Co'RYbexbbium sessile, sp. n. (Plate LXXVI. figs. 1 & 2.) 

.Trofhosom'E. — C olony small, the largest of "the three eollectec! 
being only 37 niim.' in height. The stem is strongly fascicled, 
1*5 mm. thick towards the base, and straight. It may divide 
into' main branches, 'which a.re' beset by numerous smallei*, jilmost 
equal branchlets, about !■ mm. 'in length. These spring from 
' two opposite sides, and lie 'roughly in. one. plane. The liranclilets 
■on any one side 'are almost equidistant -from each other, btit, tlx eir 
positions bear no regular i*elation to those of the opposing series. 

■ Tiiey taper very slightly towards the 'base, but, there is. no trace 
,, of ringing nor of ■\vnnkling. ■' . . ' 

The ' majority of the. hydranths spring from tubes on the anterior' 
surface of the,.bia,nchlets., although a, fe-w'-are also sca.ttered on tlnv 
■inain iaaiiches. • The.'.hydranth tubes 'do not ■, become , free .from 
the' common fascicle," except, rarely and for an. extremely short 
; distance y nor are ■■ special. hydrophore.-I ike ' portions" developed., 

'■ Thus ,the/ hydranth .projects' simply; irom the', open mouth '"of "a 
' .'tube, tlie',adcauli:ne w-ali of 'which: is aclnate,.. '/The. 'hyd'rantli,, tubes. 
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are arranged in two series, the. polyps of one series alternating 
with those of the other. The aperture faces outwards and 
upwards, is slightly elliptical in shape, and lias an even margin, 
indicating the boundary between the thicker perisarc and the 
place where the cliitinous coat becomes so thin and delicate that 
it follows the movements of the polyp. The peiis^irc throughout 
is covered by a thin coating of extraneous material — diatoms, 
sand -grains, fragments of sponge-spicules, and such like. 

The hydranths are much contracted, and in this state exhibit 
a pyriform body with well- developed hypostome. The tentacles 
appear to number about forty. 

Goxosome unobserved. 

Colour, in alcohol, grey. 

Dimensions : — • 

Diameter of branchlets immediately above origin 0-31-0‘38 ninn 


„ hydranth tube 0*25-0’31 mm. 

Hydranth, length 0*52-0*98 mm. 

„ diameter ' ' 0*21-0*42 mm. 

Heniatocysts on tentacles, length 5 /t. 

,, „ breadth 3 ft. 


Locality. Three small colonies, with hydrorhiza embedded in a 
sponge, were found at St. 35, between Warden Island, Howe 
Island, and Lyall Island, 15 to 20 fathoms, rock and sand. 

So little is knowui of the variation liahle to occur in the indi- 
vidual species of this genus, that it is difficult to fix on definite 
specific characters. In this case, I have relied mainly on the 
structure of the tubes from which the hydranths project. In 
the majority of the species of so far described 

these are free for a considerable distance belo^v the hydranth ; 
but here the tubes are adiiate up to the end. This gives to the 
branches a dumpy appearance, unlike the lax growth of other 
species. In this respect it approaches most closely 0. oorrugatum 
Hutting (1905, p. 941), which is to be distinguished, however, by 
its distinct “ hydro phore-like structures/’ which are “ usually 
distinctly corrugated with deep irregular annulations ” ; by the 
presence of a well marked annular constriction near the origin of 
the branches ; and by the large size (5 inches) of tlie colonies. 

The species, Solenwpsis dsRriri/brjR is, described by me in 1 907 
(1907, p. 494) as representing a new genus, under the erroneous 
supposition that Oorydendrmni gave rise to gonophores with free 
meclusie— I had been unable to refer to the magnificent description 
of Weismann (1883),— obviously belongs to the genus dory- 
dendrmniyBS Dr. Stechow has recently pointed out (1909, p. 9)/ 

Goryd&ndrmm dendriformis ■ differs ■ from . ■ C * ' pamsitimm ' in.-, 
posseskng ■ thick, ■ definite. ' fitems, ^ with;, .branchlets; .arranged: in', 
pseudo-pinnate fashion, and in having the free portion of the 
tubes from which the hydranths project much shorter than those 
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pEiacoxiMUft REPEXS Wriglit, 1858, 

B.a,re examples of an epizoic species occur, which CfMinon V>g 
specifically distinguished from British specimens of P. repens^ 
the simple lax hai)it of which they exiictly assume. There 
are diiiereiices between the dimensioiiKS of tlie Mei’gui firui of 
Britisli examples ; for while the former are smaller in heigh, t. 
and in tlie proportions of their hydranths and hydrocauh:is, in 
'respect ijf the nematocyst-s in the tenta.cles the oi'der is i‘evei‘sed,. 
The comparative table which follows shows at a ghince tlie size- 
relations of the two foiiiis. About twelve tentacles crown each 
hydrant In 

No trace of gonosome was obseiwed, 

Idinieiisioiis : — Mergui Typical Scottisli 

si»o(iimen. example 

Height of colony 3 mnn 6 mm. 

Diameter of hytirocaulus 0'()4 mrn, 0"07 mm. 

Hydriiiith, .lengtli , OT 7-0*24 mm. 0*24-0*34 inirn, 

,, greatest breadth ...... 0*08-0T3 mnn 0*14 0*15 nuTn 

Nematocysts of tentacles., lengtli 5*5 /x. 4*5 /x. 

„ breadth 3 /x, 2*2 /x. 

Loeality, Hare colonies ejhzoic on Gorydeyidriim sessile, from 
Bt„35,,' b.efcween Warden Island, Howe Island, and Lyall hsiand, 
15 tn 20TatlKjms, rock. and sand. 

The present record adds P. repe/ns to the fauna of the Indian 
Ocean. It has already been noted from, the eastern and western 
si.des of the North, yind .the' western side of the Bonth Atlantic 
Ocea,n, , frcvm the Mediteriunean Heat and , from, the eastern and 
western' (Japsan :■ Stechow, 1909, p. 25) sides of the Pacific Ocean. 

PamOy Eubenbiub.®. 

, Eudexbbxum .ATTEXiJATuai Allman (?), 1877. 

.Many, poor colonies, lacking j-my trace of or gono- 

sc.mie, I, .refer, with uncertainty, to this species, on account of 
i'*eseiiib]ance in the ske]eto,n,' The Hergui spec.iinens a.ttairi a 
,soiiiexvh.att' greiiter length (3 inches) than the original examples; 
but' tlie delicate, very slender, non-fascicled .ste,m,s, uu'tli their few 
.braiichesvAiid^ their' short hydranth-bearing ra, mules lying i'u o'!"\e 
plane'iind set alternately at regnlan intervals of a,b)out"l mm., are 
' very siu'iikr in l-Kith. cases. ' '.Three or fournatlier irregular aiinin 
lations mark^the base of "each raraiile, and occasionally a, few orld 
riii'gs 'oeciir irreg'ular^ the ranmles and on "the, 'stem itself. 
,'The regular and close alternation of the hydiautb-bearing.raiimles 
seems the 'rnost; evident character 'of an indefinite species,, thougli 
'a som'ewhat , 'similar arrangement is observed in, .£J. .'mddweyise 
Boimdaile.('1905,,p7838). ■: 

■ ' Slide of specimen' froTO 'Locli Carroii, SOktlmms, in m'y coHectioa. , , 
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lOiiiieiisioiis 

Stern, diameter 0*20~0*24 iiim„ 

Ily (Iran tlnbea,. ring raniules, diameter . O-ll-O'lt) iiini. 


Localities. colonies from St, 22, Ha.stings Hfirboiir, 3 to 

2(.) fatiioms and sliore, rock and sand ; and a few poor colonies, paler 
in colour, from each of Stations 23, Five Islands, 8 to 12 fathoms, 
rock and sand, and mud ; and 25, Gregory Group and Crichton 
Island, 4 to 14 fathoms, stones and broken shells, and rock. 

Ilecorded oilginally hy Allman from S.B.W. of Tortiigas, at a 
depth of 60 fathoms, this doubtful species forms an addition to 
the fauna of Indian seas. 

EunENDiiriTM GEXEiiALis Leudenfeld, 1885. 

The colonies Irelonging to this species are matm*e, hut are 
only about 1 cm. in lieight. They bear wel I- developed feinaie 
gonopliores, oval in shape, which spaing in a whorl of four or five 
from the base of a liydranth, as. in Kirkpatrick’s description and 
figiires (1890, p. 607, pL xv. hgn 2). 

The tropliosome of this species is hard to distinguish from that 
of E. capiUare. The more slender character of the ]:)ranches of 
the latter, relied on in part by Kirkpatrick, is of little Miliie, 
since a considerable amount of variation occurs in both species. 
On the other hand, the branching of E. capillar e is more profuse, 
and irregiila.r ; also in the Australian species thei’e is, in the 
smaller ]:)ranclies, distinct alternation, while the whole colony 
a.ppears more I'igid than the lax growths of E. eapiUare. 


Dimensions : — 

Stem, diameter ()• 1 4 rum . 

Hy(iraiithd:.)earing diameter 0*09 Bim. 


Locality. Creeping in small c|uantifcy upon Etuleaidriimi' aUemi-^ 
atuni '? a.nd Idm pristis, both from St. 22, Hastings ■ Hai-bour, 
3 to 20 fathoiiis and shore, rock and sainh 

, Until tlie present record from the Indian Ocean, thivS species 
has been found only in the Austtralian region : Port Phillip, near 
low' , wat(?r (Lendenfeld, 1 885,' -p. .-351 ) ; Torres , Straits— 20 miles 
K.N’.W. of Warrior Island, 5|Aat'homs ; Muirray Island, 15 tO; 
20 fathcmis (Kiilqmtilek, 1890, p. 607)« 

Family Co IIY HI 

'Clabogoeynb HABBOXi Kirkpatrick, 1890. 

'Except ill' size (for they .are even more climinutive ' tlnaii : those''^ 
i-ecorcled ' . by ' ' Kiikpatrick and . ■ Jaderliolm), the ■ Mergui ' 'specimens . 
agree with the description and ' figures . of the" formeii: the double"' 
wrinkle at the base of the stalk being very evident. On occasion, 
one or two additional wrinkles may occur at the base of the stalks 
and, more seldom, on Their -middle' portionsp' but in the majority 
of cases these rings are oflitble 'Significtoce," since they belong to a 
new stalk regeiierated, after- the destruction of tlie old one, Here^ 
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as ill simple Gampaiiulariaii livdroids, regeneiutioii is not content 
witli siiri|)ly adding a portion to the old stalk, but a ('!Oin|jlete new 
stalk is reproduced, springing from within the tiaincated end of 


the old' one. 

Dimensions : — 

Stalk, length O'dll-OdlS inni. 

„ , diameter 0' 06-0 -OS mm. 

Stolon, diameter 0*10 mm. 

Ilydranth, length 0'34-0'36 mm. 

, 5 greatest breadth 0 • 1 1 -0 • 2 1 mm . 


Ciiid oblast threads, armed with barlis sucdi as Kirkpatrick 1ms 
figured, accompany several of tlie hydranths. They are remark- 
able for their large size, the barbed portion being (5 g in diameter 
from tip to tip of the bai'bs. 

Localities. Rare hydranths on Thyroscyphus intiensis and on 
Idia pristis from St. 1, east of Tavoy Island and Port Owen, 
4 to 12 fathoms, sand and broken shells, and mud. A solitary 
liyclranth on IcUa pristis and a few on Corydendriimi sessile from 
St. 35, between Warden Island, Howe Island, and Lyall Island, 
15 to 20 fathoms, rock and sand. 

The species has been previously recorded only from Murray 
IslandyTorres Straits, 15 to 20fathoms (Kirkpatrick, 1 890, p. 606); 
and, in Indian seas, from Painnben, 1 to 3 fathoms (Jaderholm, 
1903, p. 263). ,, 

■ Family Pe nx A iiin js. 

"^Pexxaeia bistigha Goldfuss, 1820. Yar. australis Bale, 1884. 

Ehrenberg, 1832.) 

A few well preserved colonies, the largest 30 iiiin. high, 
represent this species. The ramiiles from wdiieh the hydranths 
project increase considerably in diameter upwards from their 
origin, where they bear three or four annulations, to the distal, 
end, wdiieh.is smoO'th. The number- of filiform tentacles varies 
from, ipne to twelve, but there is mucli variation in the iniml)er 
of the capitate tentacles. . The numbers depend, to some extent, 
upon the age of the ■ hydranth, for -the tentacles are fewest in 
those hydrantlis which, springing from ramiiles, lie tcnvarcls the 
distalencl of' a biwch--that'is, in' 'the youngest hydrantlis';' for 
growth proceeds by the elongation of a, branch, new polyyts 
coming.into being next to the terminal polyp, whiclris the' oldest 
and the largest, on the branch. ' 

, _ ' Pictet’s ; careful ' comparative', study ''of ' colonies of typical 
.P', cttro^wirfrom; Kaples,; and" , of '' typical ' P. 'mutralis ' irom 
Amboyna,.' makes clear .that '.the' latter' , form falls within' the 
imige'' of' .variation observed. 'in '; the former' species, "■ ''B.iit- so 
definitely' ' limited is ■ the ^ basal , ^ ringing 'of ' '- the'- - ramiiles from 
.vvliicii the hydrantl'is arise,' and, so, great .a cli-fference ' is there 

'..^"Por synonymy, see ''Be'dptjlOO'b.p, 469, , 
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ill the proportions of the European and tlie Inelo- Pacific foriaSj 
that I retain for the latter a distinct varietal name. 

Locality, St. 29, reef off High Peaked Island, shoi*e, 

Altliough F, cavolitiii in its varying forms has been recorcled 
from Eastern Australia {.Bale, 1884, 1893 ; Lendeiifeld, 1885), 
and from the East Indies (Pictet, 1893; Cainpenhaiisen, 1896; 
W eltiier, 1900), the only records for the Indian Ocean are those 
of Warren (1906, 1907, and 1908, as Halocordyh cmpeT% sym 
Pemiaria australis ^ var. cooper i) and that from Chiistmas Island 
in the paper following. 

II. CALYPrOBLASTEA. 

Family Halecibx. 

IIA.LECIUM SIMPLEX Pictet, 1893. (Plate LXXVII. figs. 10 

11-) _ 

This very rare species is represented by closely woven colonies 
covering the surface of a Polyzoon which is clustered at the base 
of colonies of (Jorydsndrvimi sessile. The presence of the gono- 
some, so far undesciibed, renders these specimens of particular 
interest. 

Trophosome. — To the naked eye the minute colonies are 
almost invisible, tlie bydraiiths being most easily discerned as 
they project from the surface on whicli the colonies grow, 
in close groups, resembling clusters of the smaller species of the 
entoproctan polyzoon, Fedicellina, 

The stolon .strands are of small diameter, but can often be 
traced for a considerable distance. Their courses are com- 
plicated, however, by the occuiTence of offshoots, which, uniting 
with other stolons, form a network whicli lies closely upon the 
substratum, or is interwoven with it. 

Short, unbranched, un wrinkled hydrocauli aikse from the stolon 
at short distances from each other. Basally their diameter is* 
small, but it gradually increases until, at the base of the hydro- 
theca, the girth of the hydrocaulns is about equal to that of the 
stolon. Tlie liydrothecm are very small. Their walls, which are 
well developed, form an inward curve to the margin, so that, 
nistead of being flaring or trumpet-shaped, as in many species o.f 
Jlalrnum, they are rather saucer-shaped. Yery close to the* 
inaigin occurs a ring of bright dots, cliitinous prominences on 
tlie inner surface of tlie, hydrotheca to- which the hydranth was 
fittached. : , Heredhe internal prominences are, more iiiglily deve- 
loped than inany other species'! have examined, for .they sometimes'- 
rise into'' pronounced .spines ■ 7 in length .'(PI, LXXYII, flg»,T,l),.. 
Occasionally two or even three hydrothec^ occur in succession, a 
new hydrocaiilus arising from within an old hydrotheca. 

The hydranth is of great size. When contracted it is about 
twice as long as the bydrocaulus, but when extended it reaclms a 
lei.igth nf\ one ,:iniliimetre;,n,r,--' even more. It consists of a long,: 
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cylindrical neck, tJie liaise of in a,ttaclied to tlie liydrotheea. 

;]t the cliitiiions projections already deseril,>ed. this 

swells oiit into a very deliriite ])idt>, \^diic}i is si:u:‘.ii''ioi:inted i)y a. 
circle of from 18 to 20 tenta.cles« At the ba,..ses ol the tcnt/'icles ;i 
ring of vei'V lai'ge beaii-sl'iaped nematocjstS;, th) ji long by 0 y. 
broa,d, surroinids tlie hydi’anth. vSiiiiiiar colls occur in the 
cmnosarc of liydrocanlos and stolon, 

Goxosome. — T his <ioes not appear to have been, described, A 
goiianginni arises from the side of the hydroeaulus, about lialf-wfiy 
between the hydrotheca and the stolon. The female g(.)na,ngiiiin 
is ):)orne on a short stalk, and is roiiglily calceola,te in. shape, 
i*esembliiig tlie female gonanginin of II, heanli, except tliati liere 
the tubular orifice of the upper surface does i,iot occur. All tlie 
g’oiiaiigia I liave exfunined contain ova to the luiinlier of alKuit 
six. The male gonangiuin, therefore, remains unknown. 


Dimensions : — 

Stolon, diameter 0*06-0 *07 mm, 

H3a.irocau]ns, length (.)*18A)‘28 mm. 

Hydrotheca, depth 0*024-0 *02 7 imm 

„ diameter at margin . 0*08-0*10 inm. 

Gonangiiiiii, length 0*42-0 *50 mm. 

,, greatest diameter 0*17-0*21 mm. 

Hydranth, length extended 1*05 imn. 

„ ,, contracted 0*78 mm. 


Locality. Epixoic on a polyzooii associated with Corydendriimi 
sessile jitom St. 35, betvreen Warden Island, Howe Island, and 
Lyall Isknd, 15 to 20 fathoms, rock and sand. 

Hitherto recorded only from Amboy na, in the Moluccas 
(Pictet, 1893, pr 22), this record adds the species to the fauna of 
Indian seas. 

Halecium texellem Hiiicks ('?), 1861 . 

The trophosomes are lax in habit, and in all otlier respivts 
agree with Hincks’s species ; but, in the absence of tlie gonosomt^ 
■confident' identification is impossible, especially since tlie likciu\sH 
■between the trophoso^mes of young examples of the Aaisti’alian 
li. ' peer milMM, Bale and tenellum appeai*s to be ' almost ■|)erfect 
(see MarM.-Turner.,, 1890, p, 218). , 

Dimensions ' 

Stem, diameter ' 0''045 in/m . 

'■, Hydrotheca, depth 0*024-0*030 mm. 

■„ ... diameter at margin ...... C)*099-0*108 mm. 

'/The' dimensions of ' the Mergui -spiecimens are considerably' 
Binalier than tliose of British examples. 

" LocaliMm, Epizoic o'n lliyroscypktis 'vitiensis from Stations 15 
and 16, Baveiishaw.lsland, Sir John Malcolm Island, and Alligator 
Eock, "5 ■to, 18 fathoms, rock and 'sand, or rock and mnd.^ ■ " , , 

'v, Kecorded 'with some- doubt ■ from . Eastern Australia by' Bale 
(1884, 'p. 65) '.and' Leiidenfeld ■{1885, p. 40,5), th'is,^. widely, dis-^ 
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tribiited species has been described from the Indian Ocean only 
by Billard, from Macalouga, Mozambique, 22 metres (1907 

p. 338). 

Famil}^ 0 A m p a n it l a r i i> .e . 

Campanularia coRRiTGATA Thornel3L 

Except at Station 1, where it was also associated with 
lareMa quudridens and Diphasia dJgitcdls, tliis species always 
occurred as an epizoon on Idia qrnstis. 

Localities, St. 1, east of Tavoy Island and Port Owen, 4 to 12 
fathoms, sand and broken shells, and mud; sliort and stout, 
strongly ribbed hydrotheeie on ])ipJuism digitalis , and long, cjiim 
drical individuals on Idia j^^dstis. Btt. 15 and 16, Pavenshaw 
Island, Sir Jolin Malcolm Island, and Alligator Bock, 5 to 18 
fatboms, rock and sand, or rock and mud ; occasionally. Sfc. 2*2, 
Hastings Harbour, shore to 20 fiithoms, rock and sand ; fairly 
common. St, 23, Five Islands, 8 to 12 fathoms, rock and sand, 
and mud; not common, St. 25, Gregory Group and Criclitoii 
Island, 4 to 14 fathoms, stones and broken shells and rock : ra.re 
cylindrical hydi‘othecEe with short stalks. St. 35, between Warden 
Island, Howe Island, and L}mll Island, 15 to 20 fathoms, rock 
aiiid sand ; la.re. 

Oampanularia raridextata Alder, 1857. 

From British examples the ma.jority of the specimens here 
referred to C\ raridentata differ in lacking the swelling wliidi 
intervenes between the base of the stalk and the stolon, in this 
1 ‘espect resembling examples recorded from areas so wide apart as 
Galbuco, South America (Hartlaub, 1905, p;567), St. Mlrlo, France 
(Markt.-Turnei*., 1890, p. 205), and the Indian Ocean (Hincks, 
1889, p. 133, cf. pL xii. iig. 5). From seven to eleven rings occur 
at the base of the stem, and from three to five underneath, the 
bydrotheca., niid sometimes a few animlations mark also tlie 
middle .portion of the stem. The margin of the liydrotheca 
appears to be divided into from five to seven large teeth, the 
extrenie tennity and ti’amsparency of which render them difficult 
to observed Tlie hydranth bears twelve to tliiiteen tentacles. 

Ho. gonosome was observed; . 

The .dimensions of. the Mergui ..specimens a.re iiiuclr less thari 
those, of St. Male ' Specimens .recorded by ■Markta.nner--Tnriier-- 
etscher (1890, p. 205), and approach most closely those of a single 
example from Saint-Yaast described by Billard (1907g, p. 173), 
with wliich they also agree in po.ssessing few iiydrotliecal teeth. 


Diin elisions., in, Bim. . 

' ;'St. 1.' ■ vBt.'Sa, 

, Bteni, length , 0*59 0-35-0*45 

,, diameter 0*07 0-04--0*06 

, Hydrotheca., depth 0*50 0*29-0*41 

' 'diameterTat'mcu:dh:':';>:...'i^y;,''W 
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Localities. Sfc. 1, east of Tavoy Island and Port Owen, 4 12 

fathoms, sand and broken shells, and mud : rare. St. 25, Pi.ve 
Islands, 8 to 1*2 fatlioms, rode and sand, and mud; laire. St. 35, 
between Warden Island, Howe Island, and L 3 ^a.ll Island, 15 to 20 
fatlioms, rock aiid sand ; rare. 

Except from St. 23, wdiere this species also occi:i]“>s on SerUdarella 
fuadHdens, specimens are confined to Idda pristib» 

From each of Stations 1 and 28 comes a solitary simply-stalked 
hydrotheca w'itli cone-shaped basal portion, surmounted by almost 
cylindrical ’walls terminating in seven or eight sharp teetli. Tlie 
striictiire of the basal portion resembles that of the hydi'otliec^a, of 
Ohdia aridersorii Hincks, but I regard the present specimens as 
abnormally developed examples of C. rarklentata. 


Hebella calcarata a. Agassiz, 1865. 

One of the most wideh’’ distributed of the .species in the collec- 
tion, occuiTirig at eight of the fourteen stations from w'liieh 
Hydroids were obtained. It shows considerable diversit}’ of 
form, being usually represented by the long smooth l:iydrotliec?e of 
the typical form, but frequently assuming the shape of the variety 
recorded by Maiktanner (1890) as Lafoea contorta. This epizoic 
species, like several others, shows a remarkable constancy of 
preference for Idia pristis., seeing that at all stations, witli the 
exception of Station 9, -where it was creeping on Thproscyplms 
vltmms^ it occurred on that species, and on it alone. 

Localities. St. 1, east of Tavoy Island and Port Owen, 4 to 12 
fathoms, sand and broken shells, and mud ; not common, often 
var. contorta. St. 9, between Bentinck Island and Courts Island, 
12 to 26 fathoms, sand and shells. St, 14, Boshby Island 
pearling-grouncl, shore to 21 fathoms, sand and mud ; rare. 
Stt 15 and 16, Ravemshaw Island, Sir John Malcolio. Island, and 
Alligator Rock, 5 to 18 fathoms, rock and sand, or rock and mud ; 
occasionally present, often assuming the shape of var. contorta. 
St. 23, Five Islands, 8 to 12 fathoms, rock and sand, and mud ; 
very common, mostly var. contorta. St. 25, Gregory Group ami 
Oriclitoii Island, 4 to 14 fathoms, stones and broken shells, and 
rock ; very rare. Moskos Islands, 3 'to 26 fatlioms, ' rocl^ aiu,l 
sand, or rock and mud ; common. 

■ Hebella CHATEROIBES Ritchie, 1909 5.', 

The hydrothecie are smaller than those of the type specimens 
from the Andaman Islands.'. The hydranths are' decayed, and no 
'gonosome 'was observed.' - ' ' ' ' ' ' 


Dimensions , 

.Hydrotheca, depth 0*20 mm. ' , , 

„ diameter at mouth.....;.,. 0-15-0‘17 mm. 


, Localities. Stt. lS and 16, 'Ravenshaw Island, Sir. John Malcolm 
Island," and '.'Alligator 'Rock,' 5'to 18 'fathoms,, rock .and 'SandjOr' 
'rock' and, mud ; Lytocarpi^s 2dioemceus. ■ 
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Thyroscyphus IIEGLLARIS Jaderliolni, 1896. (Plate LXXVII. 

fig. 7.) 

{T. cequalis Warren, 1908.) 

Trophosome. The specimens are somewhat larger than those 
originally described, sometimes almost 20 cm. in length, while the 
hi-a.nclies may reach a length of 45 mm., in place of the maximum 
of 18 mm. giTeii by Jaderhoim. 

The species is readily distinguished from T. intie^isis hy the 
presence of a very distinct operculum, accompanied by deep bays 
round the margin ; further, the bright rim runs in this case 
much nearer to the edge, and is not so pronounced, while the faint 
ringing at the internodes is more marked. The joints, varying 
in number, which are said to occur on the peduncle, are only 
occasionally present (though sometimes up to three or four were 
observed), and even then they are not essential to the specific 
structure, for they are due to the destruction of the hydrotheca, 
and to the subsequent regeneration of a new hydrotheca from 
within the remains of the old one, the apparent joints being the 
reliquiae of former calycles. No specific value can attach to 
these accidental ‘‘^joints,” the like of which I have already 
observed in Thyroscyphiis swiplex = iridentatm (1909, p. 75, 
fig. 1 h) and in Lytmcypkus mwrghiatus ; but in T. rmnosus the 
semblance of a twist occurs in the peduncle.. 

The minute structure of the cienosarc is obscuied by the 
presence of opaque granules wdiicli occur in gieat abundance. In 
these specimens the hydranth is attached, not to a continuous 
ridge, as in the specimens from Natal, which Warren has de- 
scribed as 1\ cequcdis (and which I am unable to distinguish from 
T. re gidaris), hut to a row of small chitinous prominences whieli 
runs round the inside of the hydrotheca in an exeeediugly 
sinuous curve, having two maxima, one on the adcauline, the 
other on the abcauline surface, and twm lateral minima. 

Gonosome. Gonangia, which have not previously been described, 
were found on a siiigle colony from Station 25 (PL LXXTII. 
fig. 7). The ccenosarc has disappeared, but the perisarc is in tlie 
form of a long cylinder, larger even than that of T. tormn (see 
Jaderhoim, 1903, p. 273). Yery indefinite and irregular wrinkles 
appear on the.peiisarc. The. insignificant stalk of the goiiangium 
arises from the projection of the intemode xipon which a hydro™ 


theca is .perched 
'Dimensions:— 

Branch, diameter 0*36 mm. 

' ' ' Distance bet w^een hydrothecae, 1 * 1 3 ' to 1 *'3 mm ... 

Hydi-otheca, depth 0*96 mm. 

„ breadth at Bioutli ....... . . 0'63 mm. 

Peduncle, ' C)*20 mim 
" Gonangiiim, Jength....'v-. 3 mm. 

.Yreadth,. .V-* .'I- hi 


Localities . large bunch of colonies from 8t, 22, .Hastings 
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HarljoiiTj shore to 20 fatliomSj i*ock and sand. St., 20, Jfive 
Islands, 8 to 12 fa.tbonis, rock and sand, a,nd iniid ; two coloiiiiss. 
St. 25, between Warden Island, Ho\i"e Islantl, and jn'iiH Isb-iiiih 
15 to, 20 fathoms, rock and sand: maii}^ eo]oiiie.s. 

Thi.s species has already been recordeil from tlie .liliina S«:'a. 
(Jaderholm, 1896, p. 9), and from Bird Island, Algoa (Jape 
Colony (Warren, 1908, p. 344, as T. cequalis). 

TiiyEoscrpHCS %htiensis Marktanner'-Turneretsclier, 1890. 

A wide!}" distributed species, occurring at eight of the foiirteoii 
stations from whieli Hydroids were obtainech In t].iis, a.s in 
T. regidaris. theliydranth is attached to a row of loimite cliitinoiis 
prominences on the inside of the lower portion of the hydrotlieea. 
These ai*e arranged as in the previous species, but they a, re more 
strongly developed, and are phiced on a sliglitly raised portion 
of the liydrothecal wall. 

Localities, St, 1, east of Tavoy Island and Poi.*t Owen, 4 to 12 
fathoms, sand and broken shells, and mud ; coinioon. St. 3, 
Erench Bay, King Island, and south end of Iron Island, 3 to 8 
fathoms, mud and rock, or sand; common. St. 9, between 
Beiitinck Inland and Courts Island, 12 to 26 fatlioins, sand and 
shells ; rare. St. 14, Bushby Island pearling-ground, sliore to 
21 fathoms, sand and mud; rare. Stt. 15 and 16, llavensliaw 
Island, Sir " John Malcolm Island, and Alligator Bock, 5 to 18 
fathoms, rock and sand, or rock and mud; ra:re. Bt. 19, Pa, ye 
Island and Pink Maud, 7 to 9 fathoms, rock and sand ; rare. 
St. 25, Gregory Group and Crichton Island, 4 to 14 fa, thorns, 
stones and broken shells, and rock; fairly common, St. 35, 
lietween Mharden Island, Howe Maud, ami Lyall Ishind, 15 to 
20' fathoms, rock and sand ; rai’e. 

Eainily C A M v a x' u l i x i b m, 

OPERCmmUlELLA LACERTA Johiiston, 1847, 

Identificatiou depends upon trophosome cliaraiters alone, t/lie 
gonosome being absent. I can <letect iiotliing, ho\v<‘V(ir, wliich 
could distiiiguish these specimens from Borth Sea te\amph‘s ol' 
tlie. above species. It occiirs in its simplest form,', a (i^Hping 
stolon, sending up here and tliere sliort ringed stalks, on (ucii o? 
wliich is pbised an exceedingly hyaline hyd-rotlieea. 

' .Biinensions:— , ■ 

'Hydrotheca:, deptlr 0‘21 mm. 

" ■ diameter: 0*08A}-09 mm. ' 

'Peduncle, diameter' ,■ ,0“04 mm. ■ 

Moskos ■■ Islands, : 3 . to. 26 fathoms, rock' and .sa:nd, or 
i'oek , and pud ; .rare, growing on ' a .stem .of Flmndarm seiaced : ' 

Although, the ' 'range of; .the' '..'species' is .a wide'" one,, ,for'' .it' l:ia.s / 
been recorded from ,the. ''Borth: of Eumpe, from„botl:i„sides of, the , ' 

■ 'From top.ot 
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Xortli Atlantic Ooeaiiy ami from tlie We^;teni Pacific (Ciiiiia iind 
East.ei’ii Australia), it has not liitlierto been foiirid in the Iiit:lia,n 
Ocean. 


Calyoella oligista sp. n. (Plate LXXYI, figs. ;l & 4.) 

Trophos'ome. The colony is epizoie, and consists of a. cree|)itig, 
delicate stolon which lies in close contact witli the specimen upon 
wliicli it occLirs. From this stolon liydrothecie spring at irregular 
intervals. 

Tiie hydrotlieca^ are exceedingly minute, delicate, liyaline, and 
transpai-ent, Avitliout a trace of the smoky tint which cliarac- 
terises C. syringa. In shape tliey a.re tubular and cjdindrical, of 
approximately the same diameter for the greater portion of their 
length, although the pi*oximal half is usually slightly bulged, and 
tfipers, more or less rapidly, to join tlie stalk. Tlie margin of tlie 
liydrotheca, whicli is very sliglitly everted, is definite, and is of 
considerable strength, for it is seldom that it is found in a 
collapsed condition. It is divided into shallow lU’eniilatioiis, 
similaj* to those in C. syringa, each of which siil)tends the base of 
an opercular valve. In no ease was a duplication of th<| iiiargin 
iiotieed, Tlie operculum is distinct from the hydrothecal wall, 
and is composed of about twelve to fourteen exceedingly delicate 
\mlves, difficult to distinguish. The cavity of tlie hydrotlieca is 
separated from that of the stalk liy a distinct but delicate 
diaphi'agm. The stalk is usually very short, so that the hydro- 
tlieca almost rests on tlie stolon, hut in one case (PL LXXV'L 
fig. 3) a well developed stalk was observed. This stalk, was marked 
by a few irregular indentations, but in other cases tlie stalks were 
smooth, and ringing of a regular nature never oecuri-ed. 

The liydranth is large compared with the size of the liydrotheca. 
It is attached by a basal disk to the hydi-otheeal wall iiiunediately 
a, hove tlie difiphragm, and is continued upwards as a cylindrical 
body with conical hypostome, surrounded by a whorl of alioufc 
vseven to ten tentacles. The ectoderm is thick, and the tentacles, 
iiicontraction^aredumpy.andstout.- 
Pldie gonosome was not observed.' 

Dimensions':-— 


Stolon, diameter 30 /o'' 

Hydrotheca, deptli 1 20'“1 38' /x, 

' ■' ' greatest’ dia.meter 45-'-66 y,. ■ 


23, Five Islands, 8'tO'.12 fatlioms, ]*ock and sand, 
and mud'; vexj mm,' on ' Miu pri0is. St.,,;3fi, between Warden 
Is] and, Howe Island, and Lyall Island, 15 to 20 fatlioms, roclv 
and sand ; very mre, on and Thyroscjfphas 'vitieusis. 

' '.By stematic ' posUw^ species differs remarkably in size, 

colour, texture, and in the development of the peduncle and its 
ringing from C. syringa, although there is a .similarity between 

* sinaikst. 
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it8 liydrotlieccB and some of the varieties of tlie latter specie^s 
(see Broclp 1909 h, text-fig. 22). It approaches most closely 
C, nuUmgi Hargitt (1909, p. 378), from which it diifers^ in being 
smaller in size, in being cylindrical instead of tapeiing fi'om 
liydrothecal margin to base, and in lacking distinctly anniilated 
peduncles, with ami illations occasionally extending some distance 
(i*arely oa" er the entire body) on the thecal walls.” 

I regard the unnamed specimen, mentioned and figi.ii;“ed by 
Miss Thoriiely (1908, p. 83, pL ix, fig. 5), from Khor Shinab, 10 
to 12 fathoms, in the Soudanese Hed Sea, as belonging to this 
species. 

CuspiDELLA oosTATA Hiiiclcs, 1868. (Plate LXXVIi, fig. 8.) 

To the short and incomplete description given by Hincks tlie 
following observations may be added. The hjairotlieca is cylindri- 
cal for the greater part of its length, but near the base it gradually 
tapers downwards. Frecpiently the basal portion of the by<lro- 
theca lies along the object upon which the epizoon is growing, 
the distal portion bending upwards at an angle, slightly after the 
inannei* of Lafoea serrata. Within the bent portion the retracted 
polyp is generally found. Similar bent hydrotlieca^ have been 
described by Dr. Biliard from La Hoiigue (1904, p. 165). 

The lines of groAvth held to be characteristic of the species, 
and clearly marked in our specimens, are not lines of growth in 
the ordinary sense, marking the place Avliere new growth has 
commenced. They indicate, insfcea.cl, the margins of eaidier liydro- 
thecte, the opercular flaps of which occiisionally remain attached 
and an appearance of longitudinal fluting to the succeeding 
portion of the hydrotheca, as is suggested in the terminal seg~ 
meiit in Hincks's figures (1868, pi. xl. figs. 5, 5 a). The secondary 
Iiydrotheca (produced probably on the regeneration of an entirely 
new hydranth) lies within the primary, and for some distance 
their Avails, thougli in close contact, remain distinct. Tli€3 tertiaiy, 
Avhen such occurs, lies within the secondary, and so on. Tlius 
the terminal segment is, as. Hincks observes, “ of thinner inateriiil 
than the rest,” foi- its walls ai*e those of a single liydrotlieea., 
wdiile proximal to the uppermost segment the Avails, ovving to the 
telescoping arrangement, ■ are considerably stnnigth cried.' 'It is 
noteAAwthy tlmt the proximal segment; is usnally of 'distinc.tly 
less 'calibre tlnni its successors. The.-ope'reuliim of, the hydrotlieca 
is composed of about 14 or 15 flaps. 

The ' bydranth is strongly retractile, retiring oil cx:)n traction to 
tbe proximal third of the hydrotlieca. It' appea.rs , to liave about 
six tO' 'eight', tentacles, which are-clos'elj set with Avhorls of large 
oval nematocysts, thelwhoids being :7'*5'/i apart., , The average, 
'Size of ,the ne,ma4o'cys,t's. in these AAdio.rk is''„5-2 g long' by,' 2" p. 
broad, but, at' the tip of the. tentacle 'larger examples occun '10*5, '/i 
long , by 5 '/r, broad. . 

Xo ■■.gonosome was 'obseiwed. 
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Dimensions : — 

Hydrotlieca, length iiiiii. 

,, diameter — Od 0-0’ 14 mm. 

Length of flaps of operculuiii 0* ll-O* 1 3 mm. 


Localities. St. 1, east of Tavoy Island and Port Owen, 4 to 12 
fathoms, sand and broken sliells, and mud ; rare Iiydrotliecs-e on 
Thyroscyphim vitiensis. St. 3, French Bay, King Island, and 
south end of Iron Island, 3 to 8 fathoms, mud and rock, oi‘ sand ; 
very rare, on TJujroscyphm vUiensis. 

Family L A P o is i d 

LafoEa SERRATA Clarke, 1879, 

A widely distributed, but moderate!}^ raie species. Ilepeated 
regenei'ation of tlie liydranth had furnished one iiydrotlieca (from 
St. 22) with the exceptionally large numbei’ of eleven successive 
mai‘gins. 

Localities. St. 1, east of Tavoy Island and Port Owen, 4 to 12 
fathoms, sand and broken shells, and mud; fairly common, on 
Idia p^'istis. St, 9, between Bentinck Island and Courts^ Island, 
12 to 26 fatlioins, sand and shell ; very ra;re, on 'Thymscppkm 
'i.ntiensis. Stt. 15 and 16, Ra.venshaw Island, Sir John hlalcolm 
Island, and Alligator Rock, 5 to 18 fathoms, rock and sarnl, or 
rock and mud ; rare, on Idia ^^ristis. St. 22, Hastings Harbour, 
shore to 20 fathoms, rock and sand ; fairly common, on Tkyro- 
scyphus mtiemis and Idia pristis. St. 23, Five Islands, 8 to 12 
fathoms, rock and sand, and mud ; rare, on Eaxhndrmm aMenua-, 
timi% St. 25, Gregory Group and Crichton Island, 4 to 14 
fathoms, stones and broken shells, and rock; ivire, on Idia pristis. 
St. 35, between Warden Island, Howe Island, and Lyall Island, 
15 to 20 fathoms, rock and sand ; rare, on : Idia. pristis. 

, Lafoea vextjsta Allman ('?), 1877. . (Plate, LXXYI. figs.. 5 k ^.) 

' . Yarious Ilydroids- liave a,ssooiate,d. . with them a small form, 
wlrielr I refer, with a .<iuei;y, to this sj-jecies. 

The trophosome consists of a creeping hydrorhiza from which 
spring small cylindrical hydrotliecje, set on stout but \m*iable 
stalks, and zoned'; by numerous,, w.ell-defl'ned, and ,' regular , corru- 
gations.' These decrease . in distinctness ■ towards the base of the 
liydrotheca. The margin of the hydrotheca is eveited, and the 
stalk bears no regular rings. A marked and distinctive clniracter 
e-jxists in the colour ■ of- the perisarc which possesses 'a "brow a ish- 
smoke 'tint, slightly variable in density. ■■ An exceedingly delicate 
membrane, forms the floor,' .of .the ' liydrotheca. . , , • . . . 

The hydranth is cylindrical and minute, furnished with a 
hem,isph,erical hyposto,me, suiTouiided, ■ .by,',,, tentacles va,rying in 
immber from nine to eleven. The tentacles and body of the 
hydranth have a granular appeai-ance owing to the presence 
of scattered nematocysts, which do not seem, even in the tentacles, 
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to be iirranged in wliorls, a.n«l of large, deeply .staiiia.l:>le celts in 
tlie body- wall. 

Tiie habit of this epizoon is peculiar, for, in addition to the 
ordinary exteiiial meandering, the cceiiosarc may live ^vitiiin tlie 
perisarcal tiilie of the iiydroid upon wliicli it grows. Tims in 
several cases, the hydrothecie of this species project from within 
the hydrotliecj:e of Idia a,nd ^%rtid(mylla quadridenH, I n 

tliis respect luucli resemblance is shown to tlie habit of La/om 
dis2)olums, WaiTen (1909, p. 105), the wamleiings of which 
witliiii the perisarc of its host, Sertnlarta hidens ilale, have been 
closely traced by Dr. Warren. In the present ease, tlie material 
being in a |.)oor state of preservation, I lia.ve been uiialile to ti-aee 
the course of tlie parasite tlirougliout. 

.Diiiieiisioiis : — 


Hydro theca , length 0-r)3-0*84 imn . 

„ greatest diameter 0*21-0*27 mm. 

Peduncle, diameter.... 0*075-0*081 mm. 


LomlHks, St. 1, east of Ta.voy Island and Port Owen, 4 to 12 
fathoms, sand aiid broken shells, and mud ; solitary liydrotliecar! 
oil Idia prisiis and Smlidwrella qiiadrklem. St." 14, Bush by 
Island pearling-ground, sliore to 21 fathoms, sand and mud ; riire, 
on Idia ‘pristis. Stt. 15 and 16, Eavemsliaw Island, Sir John 
Malcolm Island, and Alligator Eock, 5 to 18 fatluinis, rock and 
sand, or rock and mud ; very rare, on Idia pristis, St. 2'3, Five 
Islands, 8 to 12 ta thorns, rock and sand, and mud ; very rare, on 
kieHidarella quadride^^^^ ■ 

Hitherto this species has been touiid only on the western 
sea-board of the ISTorth Atlantic Ocean, and gTOwing upon only 
one host, Lytmcyphus maryinaPas Allman :' Loggerliead Key, 
9 fathoms (Ailrnan, 1877), 10 niiles north of "Zoblos Island 
(Clarke, 1879), Anguilla, Antilles, 100 -150 fathoms (Jadeiholm, 
1903), off Bermuda, 30 fatliorns {Ritchie, 1909 a), and Prof. S, F. 
Clarke, m fd7c?nsI909, inentioiis its . occurrence nt> West Floridti. 
20 fathoms, again on Lytoscjiphas mm^yimUfs. 

Systematic position. — The. general: appesirance of tlie s[>et‘ii:,nens 
described as resend des that of a siiiali |)aralleh 

sided form of the exceedingly variable Cmnpam;d(ma c(mriMfaU^^^ 
Thornely. As the gonosomes of both species are unknownmuid 
even the hydranth of the former is imdesciilied, tlie diticulties of 
identification are thus grm% increased. The .'present specimens 
are, however, specifically distinct . finm Campamdaria. corrvyakiy 
on account of tlie much smaller size of their hydrothecay wdiich 
■aT*e also moi'e, regula^l 3 ^ .ringed, and .ai’e .always cyl in dr lea.} .in 
shfipe. Tiie., lijdran.ths, 'also 'differ .'in .shape' and in . stinctuwx' 
Those of the present specimens a.i*e more slender and possess 9 to 
11, in place, of '22 : tentacles'; ''they' have a more . liemispberical' 
:liypostome, and^ lack ■ the ^ d'evelopment of tliose endo-, 

.dermal cells, which, in C, corrugata, 'pinj'ect'.from the base of' tlie 
tentaclesinto the gastric .cavitjr, almost meeting there,, below^ the' 
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liypostoniej tmd reuiiTidiiig one ot‘ tlie structure of Bomieviella 
(jrmidis^ desci‘i])ed fiy Erocli. (1909^^', p. 195). I Juive not noticed 
thnt in Miss Tl:ioi*nelj’s sp)ecies the peiisni'c is tinge<i witli Ixrown. 

To Lqfoea imiusta I have, with a, little doubt, referred my 
specimens because of the sha.pe, the small size, ami the corrugated, 
walls of the IrvdrotheetB. 

Family S E ii t u h A ii 1 1) M. 

. Sertitlarella cylindrica . Bale, 1888. Yar. pusilla, iiov. 
(Plate LXXYIL fig. 9.) 

Simple steins spring from a creeping stolon, and tiiese are 
divided into internodes of exceeding vaiiable length ]>y alightl}" 
slanting nodes. At the distal end of each internode a hydrotlieca 
is 1)0 me. 

The hydrothecte a, re alternate, and have very tliin, colhipsahle 
walls, ill strong contrast with the thick intern odal perisarc. In 
comparison with the stem upon which they ai*e eariied, tlie 
hydrotliecjc are very large. In shape they are cylindrical, tlie 
cylinder expanding slightly at the mouth and forming an everted 
margin, entire, and destitute of opercidiim. For about a third of 
their length they are adnate to the internode, but be3'ond this 
their free jiortion cui-ves graceful]}" awjpv from the stem, so that 
the aperture faces upwards and outwards, the plane in which it 
lies meeting the stem at an angle of ahont 45'^'. A slight break 
in the even alicauline jumfile of the liydrothecji opposes the point 
where the adcaiiline side becomes free from the stein. Often 
the bottom of tlie hydrotlieca, is rounded. Stolons are occasionall}^ 
developed from the stems, aiid one was observed springing from 
the inside of a hydrotlieca. 

(lonosoine iinknovvn. 

Dimensions: — 

ptisilla. Typical fomi.# 

Internodes, length ............... .0*27 -O'SC) mm .very variHbie.: 

■ diameter 0*06-0*07 , mm. up to 0*39 i.nm. 

Hydrotlieca, depth ■ 0*29-0*37 mm. ' 0'80~-0’84 inmb 

„ diameter a t mouth 0*10-0*11 mm. 0*32 nmi. 

Localities, ' St/32, south-west of Doinel Islan.d, 26 to 29 fiithoms, 
sjind'and mud; nare, on Lifimarpm ' Moskos Islands,, 
3':to' 26 fathoms, rock and sand, or .'rock '.and mud ; a, single stein 
amongst the rhizoidal tubes of Iclia prisiis. 

The species 1ms hitherto been found only on the east coast of 
Australia, at Port Jackson (Hale, 1888, p. 765). 

Systemxiikrpositimiu--^ I do not find in tins form characters 
sufficient to separate it specifically from C\ ci/lindrm^ it can 
readily be 'clistinguished from the Australian form, examples of 
wdiich I have recently had an opportunity of examining, chiefly 

■* Spcriincnis roRpctoi off Few SoutJi Wales by tlie ^Tlietis/ 1898, nitruf^tciJ to 
lae for esamiiiatioiL, ' 
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1)}^ its dwapfisl} size — the diameter of tlie stem is only 4, tlie length 
of tlie hy<li‘ot]ieeje less thR'ii tlieir diameter -J- those of 
tx'pieal Australian specimens (c/. table of dimensions given ;ibove). 
Var. puslUa is also to be distinguished by tlie sliglitly more 
fiaiing inaigin of its liydrotlieciCj arid by its liyaline perisa.rc, l:oi‘ 
tliat of tlie robust typical variety is tinged with, brown. It is 
possible that the discovery of their gonosomes may separate tliose 
two forms specifically. 

Professor C. Hartlauh, in his fine monograph of the genus 
Seriidarella (1900, p. 65), regards S, cylindrka^ somewhat doubt- 
fully, as a- synonym of S. integra Allman, described from ISTew 
Zealand specimens. The delicate texture of tlie hydi-otliecai is so 
diiTei'ent, however, from that of the type of d^ertidcmdla which 
l»ears intrathecal marginal teeth, that, a.part from otiiei* obvious 
differences of form, sculpture, and proportion, 1 regard the 
pi'esence of intratliecal teetli in Allmants species as sufficient, 
in this case, to indicate specific difference, 

Sertulaeella POLYZONIAS Linnaeus, 1758. 

Yar. COENUTA Eitchie (?), J909 h, 

A single fragmentary colony,, 34 mm. high, represents this 
species. The hydrothecae agree in structure with typical speci- 
mens, but a single internocle occasionally bears more than one 
hydrotheca. The habit of the colony, too, is much more definite 
than that of the lax variety Biitish seas, for from a 

definite, tliick stem spring alternate branches almost at right 
angles, In this respect the specimen approaches var. rohitsia 
Kirchenparier (1884, p. 38), from Gape of Good Hope, and var. 
eormita^ from the neighbourhood of the Andaman Islands. The 
absence of the gonosome precludes certain decision n,s to which 
variety it belongs, but the trophosome agrees in detail with that 
of var. comuta, 

Dimensions - 

Stem, diameter 0'63--0'7() mm. 

Hydrotheea, length ot adnata portion . 0’32-()‘45 mm. 

„ ■ free ' , . , „ 0*28-0*39 mm. 

; greatest diameter : 0*24-0*25 mm. 

„ diameter at mouth 0*17-0*18 mm. 

'Locality. St, 23,: Five Islands, 8 to 12 fathoms, rock and sand, 
and mud'; .rare. , 

Sertularella, ' QUABRJDENS-' Bale, '1884. (Plate' LXXYII. 
digs, 12 a,"12,&,) 

. The' transverse' chitmoTis projections' from' the bases of, the 
li'ydrotheeiierii*e' mostly absent, and where, they do occur are' much 
less':. distinctly marked' than.,. in 'Bale’S'figure (pl.-vii. fig.'S) .of a' 
: .Holbom Island specimen. ■ ' 'The h'yd.rotheciB ,are strictly' alternate, 
l:u.it'', the,,. internodes are .'vexy - irregular in, length, from 'eleven 
.to'"', thirty-si:^ liydrotheem occurring between,,, vs.uccessive ■ nodes; 
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Considerable variation occurs also in tlie proximity of the hydro- 
tliecjB of the same lateral series, for while a marked gap separates 
some — usually on the distal portions of branches — in many cases 
the upper portion of one hydi'otheca is pressed against the base of 
the next {cj\ PI. LXXYII. figs. 12^;, 12 6). An abnormality in 
the formation of the h^ulrothecfe is worth noting. Occasionally, 
probably after some accident to the branch, the hydrotliecm first 
formed thereafter, while normal so far as the aclnate portion is 
concerned, have an exceptionally long portion free (0‘77 mm., as 
contrasted with the average 0*1 mm,), this part being tubular, 
recurved, and having a rather indefinite margin. Its successor 
is less, though still abnormally large, and the diminution con- 
tinues until the normal size is reached after five or six hydro- 
theca-pairs (text-fig. 79). 

Text- fig. 79. 



Abiunraal hydrotliecir of 

The pinme, each' of which 'arises 'beneath a Aiydrothecav are..; 
regularly 'alternate, three , hydrothecje being, interposed between.' 
two pinna? on the same side.,.' -In one 'Case .a branch, of second 
degree, wvas observed to spring from the lumen of a hydrotlieca. 

The structures of the soft parts of 'the species,, to: which I: have: 
seen no reference, show points of interest. The camosarc of the 
stem is, arranged, in a varying number 'Of : longitudinal strands,', 
i,isually three' or four, which are, connect^ irregularly by anasto- ^ 
.mo'sing canals, and, which, with their connection's, line the perisarc. 
In the branches the .structure is 'less complicated. There, ^iwo; 
large longitudinal coenosarc tubes are to be distinguished, one 
running' along,' each side of the blanch, and threading its way 
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hetweeii ihe liyOrotlieete. These are connectetl a,t the base of 
eacli liyOi'otliecj'i l>y a strong biidge of ccenosaixy n],>oii tlie irsidOle 
of wiiicli the ]:>ase of the lyrdrantli rests. I'hese st,riK* tores 
eloselr i‘eseml:)le tliose vvhieh Nutting lias observed lu ^"^elafjinopsis 
o/iiaia (1904, p. 7), allowing for tlie differences in symmetry due 
to the presence of four series of hy<lrothec<e in that species, in 
place of two in this. Although each tnbe possesses a tlriek 
deiiiiite ectodeiin, I have heeii unable to distinguish the peiisai’c 
which. Nutting supposes, surrounds each ccenosarcal tiil)e. 

The striietxii'e of tlie polyp is like that of Thidctriu 7'ohusta. as 
figured by Nutting (1904, p, 11, fig. 15). It ha.s a, large blind 
sac, and clumps of large endoclerm.al cells project into the 
iiydrantli cavity except from the abcanline wall of the blind -sac, 
Aviiere the development of the endoderni is insignificant. Tlie 
protractoi" baml is attached, not to the abcanline wall of the 
liydi’otheca, Ixiit to vxiiying points of the lateml wall in tlie 
neigh boiirliood of the maigin of the hydrotliecnr. 


The gonosome was not observed. 

Diiiiensions : — 

Stem, diameter ' 0*56-0*77 mm. 

Stem internode, length 2 mm. 

llycirotheca, length adnate 0*46“0*49 mm. 

5 , „ free.. 0*07 0*14 mm. 

„ diameter at mouth ()*21«™()*22 imm 


Lo'calities. St. 1, east of Tavoy Island and Port Owen, 4 to 12 
fatlioiiis, sand ?ind broken sliells, and mud ; several fragments. 
St. 23, Five. Islands, 8 'to 12 fathoms, -rock' and sancL and innd ; 
one colony. St. 25, Gregory Group and Crichton Islaiid, 4 to 14 
fathonis, stones and broketr shells, aiid rock ; one colonju 

Previously known only from Eastern and Noithern Australia ; 
Poit Curtis and liolhoi’ii Island (Bale, 1884), Peel Island, 
Moreton Bay (Bale, 1888), Elindc'i’s Passage, Tones Strait 
(Allman, 1888, ns 2ymi aria vlncla''^), Thursday Islaiui (Weltner, 
1900). , 

' Idia iniiSTisGjiiruonroux, 1816. 

One of the (■mumonest of the species in the collection, fonnd at 
eiglit ofthe fourteen si a ti on s at which Hydroids were olfiained. 
There is much variability in the length of the b‘ee poi'tion of the 
hyd'rotlieca,;tlie ' sloping opei'cnluin^ a..ppearing, in some exises, to 
'projecduliM:jet]y 'from the surface 'of the stem, while: in .others, a 
large part of tlie hydrotheca stands out at right angles to the 
'..stem, OccaBioiiall}^, too, the. ■adcanline- opei'cnlmn is lacking' in 
de.fiiiiteness, .the upper wall of' 'the. hydrotheea simply .meeting 
the lower as ,"aii .'indefi.nite -fiap. Many-of .the' branches from 
Station 415 end in stolons, indistxngiiishable from those which 
pimject froin tlie hyclrojliizal.tubes.. 

' ' '^ Sye 'Billardj 1908, p. 2 of. separate' co'py. . 
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Localities, Bt. 1, east of Ta-vo}" Island and Port Owen, 4 to 12 
fiitlioms, sand and broken shells, and iriud ; eoDsinon, Bt. 14, 
Eiisliby Island peaiding-ground, shore to 21 fatlioins, sand and 
mud; coin mom Btt. 15 and 16, Kavenshaw Island, Bir John 
Malcolm Island, and Alligator Bock, 5 to 18 fathoms, rock and 
sand, or rock and mud ; common. Bt. 22, Hastings Hjirbonr, 
shore to 20 fatboins, rock and sand ; common, with gonangia, 
some colonies growing on a sponge. Bt. 23, Five Islands, 8 to 
12 fathoms, rock and sand, and mud; fairly common. Bt. 25, 
Gregory Gi'Oiip and Crichton Island, 4 to 14 fatlioins, stones and 
broken shells and rock ; common. Bt. 35, between Warden 
Island, Howe Island, and Lyall Island, 15 to 20 fatlioins, i*ock 
and sand ; one colony. ]\foskos Islands, 3 to 26 fathoms, rock 
and sand, or rock and miid ; common, with gonangia. 

Diphasia digitalis Busk, 1852. 

In these specimens it is clearly seen that tlie two so-called 
opercular muscles are attached, not to the valves of the operculum, 
but to the lateral walls of tlie hydrotheca near tlie margin, and 
are, in function, protractor muscles (see Hutting, 1904, p. 13, 
fig, 17). The Iiydranth possesses about twenty tentacles, 

Local/itif, Bt. 1, east of Tavoy Island and Port Owen, 4 to 12 
fathoms, sand and broken shells, and nuid ; several small colonies, 
on tlie ba,re axis of an Alcyonarian, and on Idla pristis, 

Becoi'ded from tlie Western Indian Ocean — Mnldive Islands — 
by Borradaiie (1905, p. 842); tliis is the first record from the 
Ea.stei*ii Indian, Ocea.n, , , 

Bertularia turbixata Lainouroux, 1816. 

{^==:S. loc'iilosa Busk lSo'2 *,) 

Severn 1 small, nnbranched colonies of tliis species occur upon 
Thp^oscyph^^^^ They ai*e pale in eoloni*, in tliis, as well 

as in the shortness of the internodes, agreeing with the specimeiis 
described from Paiiniben, India, l>y Jiiderliolin (1903). But they 
differ in tlie i-eduction of the lateral teetli, wliich are occasionally 
so indistinct tliat the apertiii*e appears to he almost round. 
Besides an indistinct tootli on .■ each -'flank, the ■ h'ydrotheca.Is 
surmounted by a small third tooth, from the summit of whicli a 
meinhra.naceous edge sometimes runs to the lateral teeth. Hot-, 
withstanding, difficulties of ■■ observation,, I, feel , assured', , after 
examining inaiiy hyclrotheeie, that the operculum is formed of a 
solitary flap, hinged on the distal edge of a sliglit thickening 
wdiicli occurs on the abcanline margin of the hydrotheca. 
Althongli membranes unite tlie superior with the lateral teetli, 
these do not hinge inwnrds, and ' can scarcely, therefore, be 
accounted part of the operculum. They are the less necessary 
since the abcnulihe flap is of diameter sufficient completely to 
(dose the apeif^ire of.tlleIlycl^oth■eca.^/ ^ , 

* .-'.F/Ai Biilar(i\(lW, p. '32‘2), wiio' lias 'examined'the type specimen of Laniouroux. 
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In tlie striietiire of tiie operculum S, iui'hinata n.ppears to 
differ from S, i^ersluysi Kuttiiig (1904) — regarded by Eilla.iM 
(1908) as a s}'iionyiii — -for in the latter, ns Coiigdon states (lOOT, 
p. 482), and as careful examination of tlie lateral aspe(it of sped- 
liieiis from Gape Yerde Islands, in my collection, shows, the 
operciiliiiii is fiiriiislied with a large abeauliue and two siiialler 
latero-ad caidiiie valves. 

The protractor of the hydranth, wdiich possesses only a small 
blind-sac, is attached to the hjdrothecal wall at the iiitratbecal 
ridge. 

Localities. Stt. 15 and 16, Ravenshaw Island, Sir John Malcolm 
Island, and Alligator Rock, 5 to 18 fathoms, rock and sand, or 
I'ock and mud ; not common. 


Family P l u m u i. a ii i B .e. 

Plumitlaria setacea Limnnus, 1758 (?). 

A single immature colony, 15 mm. high, identical in all respects 
vntli North Sea specimens. I have written tiie designation with 
a mark of interrogation on account of the im|)cssibility of dis- 
tiiigiiisliing the tinphosome of this small variety from that of 
jP. strictocarpa Pictet (1893), from Amboyna. 

Locality. Moskos Islands, 3 to 26 fathoms, rock and sand, or 
rock and mud. , , 

. Plumularia sp. 

An unidentiiiahle fi'agment, the structures of tlie stem and 
hydroclades of which resemble those of ib seUma^ but the frag- 
ment shows traces of branching, and the liydrotheca of liaving 
a. slightly concave contour. 

Locality. St. 32, . Hastings Harbour, shore to 20 fathoms, rock 
and sa.nd. 

A^texeiua SEcffTNBARiA Gmelin, 1788A)3* 

The nematocysts.. of 4116 nematophores measure 12 p. hy,4p, 
agreeing with Warreids measui’emeiits of those in A. natalemisj 
rvhich 1 regard as a,s}monym. There are a.bout 18 tentaxdes. 

' ' Locality. St. 1, east of 'Tavoy Island and IA>rt Owen, 4 to 12 
fatlioms, sand a,nd broken, shells, and .mud ; not common,, on 
Iclia prisiis. 

XiTOCARPTas ?ENmRitJs .Linnmus, ,1758. , . 

, , A.', widely distribiited- '.species, , represented by several fine 
■colonies,, one of which reached a .height of 95 'cm. ..Apart from 
the prominent anterior tooth, that on the margin of the hydro- 
.theca second, fro.m the; stem is '.distinctly .the' largest. ■ It forms 
'the;,highest.' point oil. the outwardly' .curved margin .of.the.'hydro- 
theca..'',. 'There' is, ho'wever, some variation An the prominence of 
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the teeth in general. The, margin of the mesial sarcotlieca is 
slightly siiiiiateth 

Tlie attachment of the hjciroclacles to stem and branches is 
weaky for, whenever an attempt is made to clear the specimen 
of flesh, by immersion in a solution of sodiiini Irydrate, tlie hydro- 
clad es invariably fall off. 

The soft parts of the specimens from Station 9 are well pre- 
served, as the preservation of Plumularians in general collections 
goes. The tentacles are about sixteen in nniiiber. The whole of 
the inside of the hydrotlieca, practically to the margin, is lined 
with a thin layer of ectoderm, wflth which the hydranth is in 
connection by means of exceedingly nnmerons strands which, 
proceeding from its ectodermal give the appearance of 

filling the spmce between hydrotheca and liydranth with a delicate 
open mesh work. An opening leads from the hydrotheca cavity 
to that of the mesial sarcotheca, immediately proximal to the 
point wdiere tlie sarcotheca joins the hydrotlieca, and tlnough 
this passes a strand of cmnosarc, connecting sarcostyle ancl 
hydranth. 

A hydrotlieca was observed, abnormal in lacking a mesial 
sarcotheca. 

Localities. Specimens from Stt. 9, 18, 19, 25 bore phylactocarps. 
St. 9, between Bentinck Island and Courts Island, 12 to 26 
fathoms, sand and sliells; one colony. St. 18, west and south- 
west of Pa,ye Island, 10 to 21 fathoms, sand, shells and rock ; 
a large colony. St. 19, Pave Island and Pink Island, 7 to 9 
fathoms, rock ancl sand ; fragment. St. 25, Gregory Group and 
Crichton Island, 4 to 14 fathoms, stones and broken shells, and 
rock; three colonies, Moskos Islands, 3 to 26 fathoms, rock 
and sand, or rock and mud ; fragment. 

LyTOCARPUS PIKENIOEUS Busk, 1852. ■ 

The liydrothecffi of these specimens approacli most closely those 
of Bakfs fig, 2, pL xv,, 1884, although the chitinoiis sephr and 
walls are not so strongly developed in my specimens, and the 
small lobe at the hack of the hydrotlieca is not produced into a 
tooth. There are two sarcothecai at the base of each hydroclade 
— one proximal, the other lateral— and, in addition, a sarcostyle 
issues througii a mere perforation with raised lips, on the anterior 
of the stem -process on which the hydroclade is borne. 

Localities.. Bth 15 and 16, Eavensbaw, Island,. Sir John Mal- 
colm Island, and AlHga.tor Bock, 5 to 18 fathoms, rock and sand, 
or rock and mud,; 'three colonies.- S't. 32," south-west of Domel 
,, Island, 26 to - 29'' 'fathoms,, sand 'and -.mud;; one';Colony.v,,'Bt. 35,' 
■between Warden ' Island, , Howe Island,' and Lyalllsland, ,,15'to 
20 fathoms, rock and .s'an'd';, .one '-'colony. V Mosko'S; Islands,;, 3, '-.tQ' 
26 fathoms, rock and sand, or rock and mud ; one colony. 
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EXPLANATION OF THE P,LAT,ES. 

■ Plate LXXVL . 

Pig. 1. Corffdendrlnrn .^essUe, sp. n. Complete col oM.y. About iiat. she. 

2. „ ,, Portion otHamidr with liydnnirbs. X 25. 

3. (7«C/oi^//rt sp. n. Hvdrotlmca and Imlraiith. X 230. 

. . 4.' ■■ b ■" '■ „ ■' 

o. Xfhbea AU Hydrotlieca ami bjdrantlu X 60. 

' , 6./, '' ' _ ■' n ■■■ 

■ , Plate LXXVIL ' ■ 

Pig’, 7. :Thp'‘osc;/p]ius ,rpjpdarw liiderholui. Portion of' branch' with' diyclrotheca 
and gonangiimi. X 25., 

B, Hiiictis. Hydrotheca, showing charuoter of annular 

' ■ markings. ■ X,70. 

9. SejtalartdJa ej/lmdrim, mr, of stern, with hydro- 

'' theoB. . :X 4t>. 

10. ILdecmni .siwpi'ex' Pictet. Trophosome and gonosome. X TO. 

In „ „ Hydrotheea, showing internal chitinoiis pro- 

■ ' jeetioms."' 'X310.' 

■ VldSeri-tilareUa qiiadridena Bale. Showing variation in remoteness of 
livdrothecie. (a) Proximal portion of branch, (/A Cistal ptation of 
fcume branch. Each X 10. 



826 


MR. J. RITCHIE ON HYDROIDS 


[May 24, 


4. Hy droids, from (,;liristinas Island, Indian Ucean, eollectcMl 
by Cl W, Andrews, D.Sc., F.R.S., F.Z.S., in 1908. By 
James .Ritchie, M.A., B.Sc., Natural History Depart- 
ment, The Royal Scottish MiiseiiiiH. 

[Received April 28, 1910.] 

(Text-figures 80 & 81). 

The present paper gives a,ecoinit of. a small collection of 
Hjdroiils wliieii fonxied part of the Marine Invertebrate 
coilections obtained by Br. Andrews during the autumn of 1908. 
The sinallness of the collection, however, is hardly to be taken 
as an iiidic^ation of the poverty of the Hydroiil fauna of the 
Island, for Dr. Andrews found that, at virtually all points, sl,iore- 
collecting was dangerous or impossible. The present specimens, 
therefore, were obtained in a limited area : in Flying Fish Cove, 
either on the shore, or on a reef laid bare at low tide. 

The collection is of interest as being a tii’St sample of tlie 
Hydroid fauna of this isolated island ; and in spite of its 
limitation, for it contains representatives of only thirteen species, 
it adds four of these to the known fauna of the Indian Ocean. 
The most remarkable of these additions are hydraiiths which 
exactly corres|:>ond with those of Ilkizogeton nvdmn, described by 
Broeh, in 1909, from Spitsbergen. 

I have to thank Mr. R. Kirkpatrickj'of ' the British, Museum, 
for giving me the opportunity of examining tlie collection. 

List of Species. 

Gymiioblastea. 

Family Gla.tid.e. 

Mhizogeton midimi Broeli (?) 

Family Eudendrid.e. 

Warren (?) 

" Family Pen,narid/B. 

Pennaria disticha Goldfiiss, var. ausimlis Bale. 

, ' Family ■Tubitlarib.e. 

. 'Ihihiilaria'-crocea Agassiz. 

Calyptoblastea.' 

, Family CAMPANiTLARimE, 

Campmviilaria comuf(da Thornely « 

(Jl0a noliformisM-'^^^^ 

' Bale*. . 

* Coiia.iimumtPdbv.K. Kibkp,atu,ick, 
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Family Sertclarid.e. 

S('/didarella 2:>ohjzomcis Linn. 

Thu iar ia tuhidi form is Marktanner. 

Family Pujaiulaeid-h. 

Plimmimna huskii Bale. 

Plmiulana setacea Lino. (?) 

IHimidaria sp. fmegalocephala Allman, afiV). 

Ilcdico'nuiria Mans Busk, var. laxa^ nov'. 

iS’'orES ON THE Bpectmens. 

GIMHOBLASTEA. 

Family C l A v i d .e. 

Rhizogeton nudum Brock (?) 

1909. EMzogeton nudum Brock , Hydroiden, in Fauna Arctica, 
Jena, vol. v. p. 137, fig. 1. 

On tke surface of a fragment of millepore tkere occuiTed a 
delicate stolon from wkick solitary kydrantks sprung at intervals. 
Tke stolon is brancked, forming a loose, irregular network upon 
tke siibstratinii, and it is protected by a very tkin layer of peri- 
sarc. No perisarc occurs on tke kydrantks, even at tke base. 
The hydrantks are elongated, subcylindrical or spindle-shaped 
according to tke state of contraction. They are armed with 
long filiform tentacles varying in number from seventeen to 
twenty-four or twenty-five, and decreasing giadually in size, from 
tke longest wkick, in extension, snrround tke kypostome, to 
short, stumpy individuals at tke base. The tentacles are 
scattered over all but tke lower fourth of the liydi’antli ; but 
except for four oral tentaclevS wkick lie almost in one v-korl, no 
definite arrangement could be traced. 

The soft parts are well preserved, and in the liydrantk a thin 
ectoderm with flattened cells could be distinguished, lined by 
endoderm with elongated cells, which project for a short distance 
into the digestive cavity, and wfithin which, in some hydranths, 
lie' clusters of minute, ■ deep-brown,. ' almost opaque spherules, 
probably refuse products of digestion. '.-The internal portions .of 
the tentacles ' are .filled' 'by a septate skeletal endoderm. .Tlie. 
.growing point , of the stolon, in tke one, instance observed, ' was 
formed of a thick pad of ectodermal cells, which gnMiually dwindled 
into the'' insignificant layer wkick. "lines, normal p,ortions"'of ■, the' 
stolon. . . 

■ The gonosome was not-observed. ■■■■ ; 

Dimensions,:— ■ dbi ..V 7;- 

" Btolon, diameter. 0*060 mm. 

„Sydrantb, ,length' ^.■iB*77 ,'6*927' 

5 , greatest diameter 0*17 0*21 mm. 
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Text- fig. 80. 



MInzoffetim nndim X 

carp., dark corpiiseles in eudodem of hydraiitli ; ect, ectoderm ; fimlt endoderm ; 
ff,]}., growing point of stolon ; p,, perisarc ; d,, stolon. 


Locality, Flying' Fish Cove. 

Owing to tlie abseriGe of the gonosome, indeiifcificatiou with 
II. wwlmn must rema-in a matter of doubt. The tropliosoiiies, how- 
ever^ agTee in sluipe, in. character, and in the' nnniljer ai.Ki position 
of ' the tentacles ; and Brocli’s figures repieseut hyf'ira.iiiihs whicl'i 
agree in size witii those from Christnia.8 Island, altlioiigh .lie sta>tes 
that his Inihiniths raay atta^ leiigtli of 4 mm. The original, 
specimens of IL mtckmi wnre obtained by tlie ' .Helgoland ’ 
Expedition/ in Bismark. Sound, ' cast, of West-Spitsbergen, at a 
depth of 35 metres. 

Family E UBBXBRIB.E, 
'.EuimmiirM4>AT.winM Warren 

, IhOB.. . parvum Wm.ri*en., ■Ann. Antal -..Government 

'.Mils. toI. i, .pt, 3,' p,' 272,' text-fig. ■ 1 , ph .x.Ivi" figs. l'-4. 

■ . '.'A single 'fragment of 'creeping stolon, from . whicli 'spring' two 
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simple stems, and one. sbo\ring traces of a braxicli, occurred on the 
surface of a fragment, of millepore. The gonosome is absent^ and 
the clia,ractei-8 c»f the lij^divinths have all bat dLS:ippea,red, but the 
perisarc. of tlie ti'uphosoine shows the fetruetiii'es described by 
WarreiL The stolon measures 102g. and the iiydi’ocauli from 
to 111^5 ill dia.meterj but the mibraiiched liydrocaiili are 
very short. less than 2 mm. in height* 

Loecdit)/. FI^diig-Fish Cove. 


Family P E N arid 

Pexnaria disticha Ooldfuss (=P, cavolmii Ehrenb.), var. aus- 
tralis Bale, 

'’•d820. Penmaria dislieha Goidfuss, Handb, der Zool.^ ISTuriiberg^ 
p. 89. ■ 

1884. Pewmrm cmstralm Bale, Cat. Aiisti’alian Hydrokl Eooph.j 
Sydney, p. 45. 

Several, well-preserved colonies of this \Lariety, distingiiislied 
from typical P, cUstwha by the restriction of the aim illation of the 
peduncles to six, or few^er, rings at the base, and by the small size 
of the colonies, were obtained. Ko gonosome is present, and 
the specimens are overgrown by seaweed and diatoms. 

Loccditf/, Flying- Fish Cove. 

Family T u e u l a r i b 

Tubitlaria grocea Agassiz. 

1862,. ParypJia crocea xiirassiz Contr. Kat. Hist. IJ.S., vol. h\ 
pj 249. 

A considera.bie number of specimens of a small Tuhulwda, with' 
stems up to 25 mm. high, show the following significant 
characters.' T'lie stems are white, becoming faintly tinged, ivith 
yellow at tl'.ie ba-se. ■ , Tliej 'are mostly nnbranched, or , have a few, 
straggling ofishootsat the base, and they are marked here, and there 
by groups, of ' faint anin.ilatioBs. . The hydranth is translucent, set 
above a, marked, dilatation, the, lower part, of "which is pi'oteeted by 
thi.n, wrinkled perisarc, wdiile on the 'upper , por'bion, the ectoderm', 
is iiiarkedly thickened, appearing .as if .it-, hung downwards from' 
the, base of the liydrantii in a .short flap, 'In this respect, ,, and,, in ', 
the separation -of the liydrantii. cavity .from, that of the,- dilation, 
the structures are ' similar "to'' 'those 'of 'P. bethm Warren, but the 
ectode','rmA>f the present’ specimens is .also much thickened at the.' 
neck beneath the' dilatio.n, and th-e'endoderm lining the dilation."' 
d'oes licit' exhibit, the 'development .of- elongated cells ivhicli Warren ,' 
describes. f.- ■' ■ ^ . ■ ■■ ,'b 

I'll 'these specimens ', the oral tentacles number about 15 to 17, 
and the proximal tentacles about 18 to 20, set in single wdiorls„ 

For synonymy fsec Bedot, Eew Suisse do 2ooh, voL i'l. l'tOb p.' -459, 

- ' - f - Warmi, Ann.. 

,, 'PrOC. ZoOL., Bog. -—' 1,916, ■■ ’'SI 
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I'he bliistxjstvles ni‘e i^'enernliy erect, n.ltlioiigli .soTne tend to 

diTtop tlirougli tiie row of tentacles, {'(•nd tlic}- ere closely set w'itli 
iii;ilegO]io])lior€es, diarceterised by their elliptical slripe, and 1)y the 
replr'icernent of tentacnlMi* rudinieiits a single teriniiia.l wji/rt. 
Ith:ifurtiiiia.tely, feinale gonophores ha.ve net been obseia^ed. The 
(•[la.raetei’S, liowt‘ver, point to identity with T. crocpci, tiie male 
gei!i>[d!ores of which, according to Allman, are ^‘destitute ol. 
deiifat'iiliforin j pi’oecssesA altliongh Torreya oliseiwa.tions stiow 
that lJi,e [’iL'Csence or absence of tentacular processes is A'a.i'inJ'ihr-o 


Dimensions : — 

Htein, diameter 0'31 inin. 

liydraiith, lieiglit (from base of dilation)... aJiout 3 mm, 
„ diameter at level of pr<,)ximal 

tentacles abont 2 mni. 

Lomllty, , Iloef, Fly ingdlf’ish Cove. 


T. croctm has been foimd on the Atlantic (Agassiz) and Pacific? 
('roirey ) coasts of North America, and in Plymontli jla.rl)onr on a 
ship iroin Peru (Browne). Specimens 'vvein ol)ta.ined gi’ow'ing 
amoTigst l:)ai*iiac]es on tlie screv-casing of tlie German Antai‘ctic 
Expedition s'liip ^ Gauss/ wliile it was in tlie Soiitli Atlantic, ami 
Yanliufien is of opinion that the specimens settled on tlie ship 
doling its. passage , tliroiigli the south of. the Indian 'Oeeantj 
in v'hich, luitii the present record, the species had not been 
oiiserved. , . ' ■ 

CALYPTOBLASTEA, 

Family 0 A M P A N u -L A R i B m. 

Gam'panularia CORKUOATA Thornely. ■ 

3,yi)4. C(mipmntkcria corn((/ata T.hornely, in Ilei'diiian, Ceylon 
Pearl Fisheries. Part ii. p. 114, pi. i., fig. 2, vSuprd. 
Rep. viii. 'Hydroida.. 

A. .couple of .hydrothecjc were olrseri'ed on Pluin/idima 'Inf ski I 
Bii.le., 

'Loealitiy Fly ing- Fish Cove.' ■ 

CliATiA XOLiFORMis M*Orady (?).■■■ 

187(h (Aznipamdarm n(ddjhrmis M*Gm.dv, Pine. El Unit Hoc 
"vol. 'Lp. 194. '■ 

A few hydixjthecag referic^^^^^ to this species, wore growing upon 
. a fragment of sponge, md m Pemufria distleka, va.r. d/ist rails, 
Tinv hyd'rantl'is bear txventy tentacles.' , Without tlie prestaice of 
..the goiiiiiigia' the identification of' this species is uncertain, owing 
to the resemblance of the trophosome to that of 'Gli/tia joknsloap 

Torrey, XJniv.'Califonna'Pub., Zoot, .vol.'i. p'. Tk 
_ '' t, Da'd'ah!eht i:h.nitselw'.Sudpolar-Ex> .190.1-1903, vol, 2£i..,!2oi)l iii.': Berlin 1909; 

2 ' 79 .' , . . 
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blit I l>eert giiiOeil hy the veiy saiall diitioiit^iori.s of tlie.-^e 
specimens, wliieli a,re even less tbn.n those of spxx'iliieiis recorded 
l»y Pictet from x\niboyi)a5", and Iw Ynnhdffen from the Sontii 
A.tlantict* approach most closely in size the original speei- 
laeiis of (Mmparudaria atte-iiaata Galkins, regarded 1:,)}' Taiiladren 
(Lc.) as identical with Chjtia nolijhrm.w 


iJimensioiis : — 

Total length , 1’5~~2 5 miii. 

Stern, diameter 0*054-0“066 in in. 

liydrotheca, depth ... 0’‘>2-0'45 inm. 

diameter at mouth ()'21-0‘*2S inin. 

Local ity , ' FI yiiig*Fish Cove. 


This species has not hitherto been recorded from the Indian 
Ocean. 

Clyxia seepjjlata Bale. 

1888. Ckimpantilaria ? serrido.k^^ Bale, Proc. Linn. Soc. Y. S. 

Wales (2), vol. iii. p. 757, pi. xii. tig. 4. 

xV single poor colony, growing along witli Plarouilarm sekwea 
Linn., the structures and diinension.s of which agree with tiiose 
given 1)Y antlioi’S. 

.Localiti/. Flying-Fisli Cove. 

l.’his species has not hitherto been i*ecor<le<l from tlie Indian 
Ocean, altilioiiglr Yanhdffen has recently deseilfied s|'iecimens from 
Observatory Bay, Kerguelen^. 

Family S E r t u l a r i d .e. 

Sehtularella POLYZONiAS Linn. ■■ 

1758. Sertulwrm pohjzoYtias Linnains, Byst, Kat., .ed, x. p. .'813. 

A solitary colony was found on the stem of Fenfimria 
(vuMralis. , Altlioiigli its structures appear* .to, be ■ind.istinguisha.lile' 
fi*om tliose of , >5'. polyzmiias'^ this specimen '.is exceedingly minute,, 
only ' 3 iiim.' .high, reminding; one ' of - t,he. ' small ISTew 'Zealand 
variety figured' by Ililgendorf § ;■■ and the dimensions of the hydro- 
tliecic a.re'also very much ;8maller than those iof ty.picab, specimens. 


Tim liydraiith 1ms about twelve tentacles, 

Dhmmsions:- — ' 

tntefnode, length 0*28“0*35. m'm 

- ' ' ■ - - diameter . . .... ................ O'd )8 iinu. 

. ^Hydrofcheca, length - 0‘28“0T>1 mm 

„ lengtli free 0*16-0*18 mm. 

„ diameter at moiith ...... 0*13 mm. 

IjOcaUty, "Flying- Fish Yove.' 


-Pictet, 'Eev, Suisse tie Zool., vol. i. 1803 , p. 31 . 
t Vanlioffi'n, op. cit, p. 209 , 
j ViiiiliiUlVu, o]i>. cit. p. 302 . 

§. -HiigtuKtorf, Tmue, New &id. Inst. vul. sxx. 1808 , pi. xx, fig, 
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Thuiaria tubulifoemis Marlvtaniier. 

1890. Bynmmna tiilniliformis Marktaniier-Turneretsclier; Ann. 
k.k. Hofmus. Wien, vol. v. p. 238, pi. iv. fig. 10. 

Only a few colonies of tills specie.s, tlie largest 15 inm. liigli, 
were found. The structures are typical, and agree more closely 
w'itli Marktamier’s and with Nutting’s figures than witli those 
of Natal specimens by Warren t, in' winch the J:iydrotheca3 are 
shown to be less crowded, and are more seldom arranged in gi’oiips 
of several pairs. Our sjiecimens show all the peculiarities of 
arrajigement of hydrotlieciu on the stem internodes wliich Ms-i/rk- 
taiiner cites. Most eomnionly, as in Nutting’s specimens, e;icli 
steiii-iiiteriio«:le bears branch and tun hvdrotbecje on one side 
and a single Iiyclrotlieca on the other,” but occasionally, asOlai'keJ 
also has found, a hydi*otheca-pair is a.dded to this typicfd inter- 
node, and occasionally a- hyd.rotheca-pair is siihtiacted and 
isolated on a separate internode, leaving one hjdrotheca with 
its associated bmnch-process alone on an internode. 

Dimensions : — 

Length of colony up to 15 mm. 

Typical stem internode, length 1*06 mm. 

Stem internode, diameter . 0 *1 8-0*3 1 iniiL 

Branch, length ' about 5 ' inm. 

Hydrotheca, length of 'adnate portion...... 0*42 iimi. . 

by ,, free OTl -O’lS mm, ,, 

. .diameter 0T4 iiim. 

Locality. Beef, Mying-Fish Cove, - . ■ 

This species has now been found in '.the Eastern Pacific Ocean 
(Perico Island, Oulf of Panama'-— Clarke,' 1907) ; in the Western 
Atlantic Ocean (Bahia ; Florida ; Bahama BankS' — ^N iitting, 1 904) ; 
iii'the Eastern Atlantic Ocean (St. Tliomas Island — Billard, 1907) ; 
ill theB-'ed Sea (Jidda — Marktanner, 1890 ; B'liez Bay — Thorn ely, 
1908) ; from tlicAMest Indian Ocean (Natal — ‘Warren, 1908); and 
now .from the East Indian O'cean. ' Pictet has reconled finiii 
Amboyim,, in the East Indies, 'specimens whicdi lie lias im.nreil 
SertiilaTm mgm (Thoinp;son), as a- synonym'. of wliicli lie laulvs 
'Bynamena . Marktanner §. With J'iiderholm fl, i am 

of opinio'U that tliese specimens a, re not' to he identitieii witli 
T.vegce: They clearly belong to' T, Uthidiformis. 

Family P L u ar u L A R I :d 
■ Plumubaria BiJSKix Bale. ■■■ ■ 

; 1884, ' iHtmiidaria Uishii 'Bale, Ofit.. Austmlian 'Hydi'oid Zooph,., 

: ' Sydney, p..l24, ph"x..fig. 3, pi. xk. figsJ 34, 35. ' 

Several colonies occurred growing '.on a sponge. '.They are much. 

. *■ Watting, “ A'mericni Hydroids/’'' Spec. 'Ball vSmitlis. last., Part 2, 1904' pi, 
'figs. 1',. 2, 3. , 

t' Wamn, dp,, cit. p. 3'15, .text-fig. 12.. 

't Ciavko, Afein. "Mas. '(^omp.,'Zoo}. Harvard, voh'xxxv, 1907, p. ' 14. ■ .' . . . 

'? Picftt, Rt'V. Siiinse dc Zopl. vol.’ i... 1894 p. 4-1 
' ■ ||.. Jaderiiolm, Kiiagl SvenA'a.Vet-Al'.’ Hiffldi. vol. xlv. 190i4'p.'9I, ' 
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smaller 'thaii the two or three inch high specimens described hj 
Bale, and even than Miss Thomely’s immature Ceylon exaiii|::)]es : 
for the largest is under 15 innn in .height. On accoiint of tlie 
absence of intermediate athecate internodes from the hydrocaiiliis, 
and of the presence of a minute median nemato|.'horej with small 
jiiid delicate pedunculate sarcotheca., in the angle behind the 
hycli'otheca, the species can readily be distinguished from the veiy 
similar F. cormicajjice Hinclm, and P, alternata I^iitting. Hart- 
laiib* has described a specimen from Laysan, in which the minute 
sa:rcotheca. immediately behind the liydrotheea is assuredly 'al)sent, 
aiid which, iiotwdthstanding, he assigns toP. huskli; but I regard 
tlie specific identity of the two forms as doubtful. 

The following observations supplement Bale's desciiption. The 
low-er portion of the stem consists of a varying iiiiiriber of nodes 
separated l:y transverse joints, the lower nodes being altogetlier 
destitute of appendages, w'hile those nearest the claclate portion 
of the stem, from which they are separated by an oblkjiie node, 
bear a series of several sarcothecse. The hydi'oclades spiing alter- 
nately fi*oin one side or the other of a hydrotheca.. In rare cases, 
opposite hydroclades arise fmm the proximal cladate internode, 
as in Miss Thornely's specimens. The hydroclades lest on a. very 
insignificant process of the intewnode, which coincides with, the 
base of the lateral iiematophore. A strong constriction separates 
this stem-process from the hydroclade, althongli these specimens 
do not show the excessive tendency to deciduoiisness of piiiiise 
W'hich Bale noted. 

At the origin of the hydroclades there are generally two 'very 
short internodes (although rarely only one is present) wfithoiit 
appendages, and with transverse nodes ; and these are succeeded 
by a longer internode which bears, on its an teiior surface, a single 
pedunciiiate sarcothecaon a sw^elling near its proximal end, and is 
limited by a proximal transverse node, and by a distal oblique 
node which separates it from the first theeate iDternode. In these 
.'speciniens /the, hydroclade is very distinctly, divided, by trans%wse 
and .oblique joints, .into inteimediate in teriiodes furnished' wntli a 
single Iiematophore, and hydrothecate internocles ; and althongli 
Bale' desciibes'.^ a:,h.ydrotheca on .'each, except :the fi,rst '[internode] 
of each pinna/* his .figure '(pi. x. fig. .3) ''indicates the presence, of , 
an, obscitre, horizontal .'constriction, imniedi'ately above the hydro- 
theca'. Only very exceptionally does the fusion of an ,intermedia,te 
with the. preceding hydrothecate in tei‘node occur in ■ these' hydro- 
ela(les,"a pheno'inenon recorded diy Billard in the I'ownr portion of 
the hydrocaul us of the closely related P. cormicopkt f. 

While emphasizing the fixedness of the median sareothecie in 
his .oiiginah' description, Bale 'later' .regarded only the sarcotheca 
beneath , the' .hydrotheca’ as fixed '" I , am" inclined to agree with 
the, earlier, statement, -as' ...the .'large 'area .of; their attachment, and 

' ■ Hartlaiil), Zool. Jalirh. Syst,, toI. .xiv„ 1901 ^ p. pJ,x.xhSgs..S2,..32j^ SO, 

f Billard, Kxp, Sc, ‘ Travailleur ’ et ^ Talisman/ vol. vii. 1907, p. 207. 

Hale, Trans. : Roy. Boc.: 
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tlie i.,iivn.r]a]:}]e position they assume, seem to siio'W tlait tliere is 
no liio'vabiiit}’ in any of the in,edian sai‘e(,)t]iee3B. 

The colonies are mature, male gomiugia arising from, tlie stem 
at tlie jiroxiino-latei'a] portion of a hydi’otlieca, on the side othio.’ 
than that from which a hydroelMde springs. They ai'e clnl,)- 
.shaped i.ii lateral aspect, resemlding tlie gonangia of I\ geininata> 
Aliiiiaii, and are furnished with a stalk consisting of two .siioi’b 
iiiteriiodes, each of which' has a, thick adca.ulioe wnlh fron'i whielp 
in the secoii<l, a diniinntive chitinons ledge projects i,i:!wair(ls, 
A.lt!ioi,igli a nematopliore usually occurs on ea.els side of tlie 
goiifiiigiiini, occasionally only one side is fiiriiisiied with nii 


iialiridual. 

l.)imensio,ns - 

8 tein inteiTiode, length Odlo-Oalo nim . 

„ ,, diameter 0 “ 07 “OT 1 ni-in, 

llydroclade, length up to 2 iniiL 

„ thecate internodes, length'^' 0 *' 25 -” 0‘34 mnn 

„ intermediate j, „ 0 "l 8 - 0'21 mnn 

H}' d rotli ecii, d ept].i ■ 0 • 2 1 - 0 * 2 2 nun . 

, , diarn etei* at in outh 0 ■ 1 7-0 * 1 8 nun . 

Gonangiiim (male), length 0 ' 36 - 0'42 iinin 

,, ,5 gixmtest diametei.Tn lateral 

aspect O'TT-OTS mm. 


Locality* Growing on a sponge from, the . .Eeef, -Flying- "Fisl'i 
Cove. 

Th,e only previous Indian Ocean record Is that of .Miss Thornely, 
from Gulf of Mana.ar. :■ 

ITniMTJLA.RlA S.ETA,CEA'Limn.(?). 

. I7'58. SerUdarm setacea Lh'imeus, Syst.^ Kat. p. SIS. 

Many s.mall colonies apparently' lielonging 'to tin's widelyolis- 
tributed' species,’ and 'aveinging 15’ nun. in height, were found, 
growing cm a sponge. . As it seems, impossible to separate ■ tins 
species from I\ stnciocarpa Pictet by elia.incters of theta‘(,')p]’H:)son"ie 
'alone,' and aS' the gonosome is not present on any (..d* t.hesc spet'i- 
mens. I refer them doubtfully, by courtesy, to tlie older, and cos- 
inopulitan species, until the discovery of the gonothecm shall hx 
their identity. For ' guidance I appeml (liinensious ("d piirts. 


'Stem internode, length... ()'31-0*49 mm. 

5 j ' ■ A. diameter ■ ' ()‘051-0‘159',min.' 

H3alrock'U'le, length 2 T.irurn 

I!y(b.otlKn:at.e'iiiternode, ieng.th .. 0'324)*36''mim’ . 

Iiitermedmte ■ '0*17-0*25 mm. 
Hydrotheea, depth... 0*090 mm.' '. 

■„ diameter at’, mouth 0’096A}'105’.m'iin, 


: Locality piles of the, pier, 'Flying'- Fish,’' Cove. 

’.frohi,’c\'£hya«i>. pomts,^ 
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sp. {tn-egalocephala Allmnii, tOiV). 

Grow ill" oil trie ])a.s.e of a .stem of Hcdkornaria hkins, var. Ja:m. 
were two 'simple stems of a Plumularia- wliieli reiiiains riii- 
irleritifieci 51-Ost of the h ydroclades liave disappeai-ech ]:>ut .sutlieieiit 
reiiiaiiis to sliow tint the trophosome is akin in stroctiire and 
:reli:itive propiirtioiis to that of I\ megidocephala AJliiiaii, foiiinl on 
the shores of the western Atlantic and eastern Paciiic Oceans. 
From tiii.s, they appear to differ only in their siiii[de habit and 
sinal! size, ami in lacking that sareotheca whicli occurs on tlie 
srraii i literiiodes, immediately proximal to the hjalroclade-beaiing 


proeo.ss. 

"Dim elisions : — 

Stein, iength 9 iiini. 

Stern iiiternode, length 0'35-0‘49 inm. 

.diameter ()‘039-0*0S4 mm. 

Hydrotheeate internode, , length 0’31 iniri. 

„ ' . „ diameter Oi.) 19-0*02 7 innu 

Basal athecate iiiternodej length 0*14-0*19 mm. 

iIyd,rotheca 5 depth 0*045 miri. 

„ diameter at month ......... 0*048-0*051 nniL 


Locality, Eiyiiig Fish Gove, 4(5 fathoms. 

IIalicorxa,eia niAXS Busk, vai*. laxa, nov. 

This is the species most akaind-amtiy represented in the col- 
lection. The largest coloiw is 12 cm. in height/ and the iiiiiiute 
cliaracters of tlie liydrothecm agree closely 'witli Bolens di;ignosis, 
exce]it tlmt tlie mesial sareotheca, in overtopping . the hydrotheca,- 
wall foi* some dista.iice, appimches the condition of that desciilied 
by Stechowt* The- ultimate portion lies, however, at a slight 
angle to the course of the main portion of the sareotheca. 

; There 'are' difterences in habit, liowevei*, which . distinguish 
this variety. 'TTie colonies. 'are delicate and' .fine. in appearance.; 
and the stem is.Ali'in and. .shows no- traces, of nodal constrictioiks. 
The' hydroclades, which,' .are of 'the; unusual Icmgth' of, 22' nun. 
'(twice 'as long as those 'recorded by Stechow), are 'alternate, and- 
are wide a, part, a, space of.'2 'mm. separating successive individuals 
oil' .the same,>side ..of . the stem. They are divided , into long i'uter- 
n odes; on tlie tipper poition of ' 'tvliicli the 'liydrothecm are set. 
In tin's respect, and on aeco'untof the .greater depth (as compared 
.with 'Bale's 'and Stechow’'’s, 'figures), and 'more erect posture of the 
'liyrlrothecm (the axes of .which are inclined., .to. tliat- of tlie hydro- 
cfade' at-an a.nglc' of. about 40°, instead-of 5^5°), and of tlm greater 
ele.'vatio,n of the intrathecal septum above the floor of the hydi‘o- 
. theca,' ' these' ' specimens.' ■ .resemble. '''.'vai*. ' 'prqfwiidci;, -from', . the 
Aiidamansi. 

* .Sale, Gat. Aiistmliait: Kydr.oid..51.o6pb.,^^ p. 1:79.-...' ■'■.■..p 

f StfcHiliow, Able Iv. Bayer. Akad. Wisiseiis.,'S,upp.l.woI.'-.i..''t%.''''-.'19Gd7'.|i. 'lOXg-pI,^ 
1 . 6 .: - 

'. " ' Awa. Mag. "Nat, Hist. .(8), 
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llatkornnria hians, var. ha*a. 

Portion of hydrocladc with hydrothecaj, X 73. 


Dimensions:' — . . . 

Stem j greatest diameter. 0*45 mni . 

llydi’ockde, length up to 22 imiu 

H jdroclade iiiternode, length ' 0*41 -0*43 mm « 

„ 5 , diameter (>10-0*15 .mm„ 

' Hydrothecaj depth 0*19 rmn. 

diiuneter at mouth 0*17 mxm 

Locality, Flying-Fish- (Jove, 4G fathoms. 
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June IJ, 1910. 

Dr. 8. F. Harmer, M.A., F.E.S., Yice- President j 
ill the Chair. 

The Beeretaiy I'eatl the following i*eport on tlie additions made 
to the Societyls Menagerie during the month of May 1910': — 

The registered additions to the Society’s Menagerie during the 
iiioiitli of ]\:[ay wei*e 130 in niiinher. Of tliese 80 u^ere acquired 
by presentation, 13 by piirciiase, 23' were received on deposit, 
3 in exchange, and 1 1 were born in the Gardens. 

The total number of departures during the month, by death 
and by removals, was 156. 

Amongst the additions special attention may be called to tlie 
following : — 

One Leopard Cat (Fells hengalensis) and one Masked Palin- 
Civet (Pm'ciclo'Xiems Icirvatm). from Szechuen, Chiim, presented 
liy W. Thurlow-Lay, Esq., on May 23rd, 

Two Hunting-dogs (Lyccmn from Nairobi, presented by 

H. H. Heatley, Esq., on May 23rd. 

One Caracal (FeJls caracal) cS , one Chapman’s Zeljra (Equus 
chapniawiii) J , and two Selous’s Marsh - Buck (Lirn notragiis 
selomt)y from Lake Ngami, purchased on ^lay 7th. 

One Sabre-horned Oryx (Orgx algazel),imiii Northern Nigeria, 
pi'esented' by Sir 'Hesketli Bell, on Ma,y 8th. , 

Two Ludwig’s Bustards ( Otis ludwigi) and two Yigors’s Bustsirds 
(Otis ingorsi)^ new to the Collection, from S. Africa, presented by 
Sir Charles 'B. Elliott, K.C.M.G., on Alay 14th. 

Two Alaiitchurian Cranes (GVm jaqmnensis)^ from N. Ohiiia, 
purchased on May 23rd. 


Air. li. I. Pocock, F.L.S,, F.Z.S.,,- Superintendent of the Gardens, 
exhibited two drawings (text-hg. 82) illustrating an instance of 
ant-mimicry by the larvae 'of a species of Af antis, aiul.remarkecl: 

' In Alay of this year Air.. AY. IL Boyle sent ,to the Society’s 
Gardens, from Axim on the Gi old Coast, the nest of a species of 
Alantis. The nest .was about ' the size of. a walnut liut less regiihirly 
shaped., and. pale ememkl-gi^een in. colour, .with a glistening su'gaiy 
appearance. The da, y after it was placed .in the Insect House,' the 
young insect's emerged.; They were 4' 'mm. or less in. length, Aind 
■Avhen AJrawling' about the -case 'looked e'xactly like a crowd of black 
ants,' their rapid piarts . and ".pauses'; recalling . irresistibly the .d."msy'' 
method :'of 'progression , so characteristic of.' these ..Hymenoptera.;. 
'When. 'at. rest they no longer' resembled the models they imitated 
Avhen in motion, but assumed the attitude of a<lalt AFantises 
'\va.tching 'for prey., raising 'the foi^e'.' 'part' of the body and Iiend, 
folding up their fore legs, 'and "every ''no^w and then swaying gently 
from side to side as if rocked by the wind. AFhile thus em- 
ployed, they were seen to be piocryptically coloured. The long 
'■y'''''PROc.''Zoo'n'.;Soc,----'l'91.I),^ • : ^ 55 
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filiform a,nteiii:E‘E‘ were too delicate to be seen ; tlie large iiearl was 
mottled }3ale di'ab and brown ; tbe long pronotiiin, wliicli 
soiiiewd’uit a.briiptly constrieted beliiud the liea<i and gra,dii;i,IJy 
riarrowi-d posteriorly, was uniformly black except toi* a. pale 
wbitisli spot upon its binder end ; tbe mesonotal, metaiiotal ami 
abdominal terga 'were, like tbe head, pale di-al) relieved by syirn 
meti'icaliy arTaiig'ed brown spots. The effect of the coiitnist 
between tlie prothorax and tbe bead in front of it ami of tlie 
tergal plates behind it was disruptive, the colour-continuity of tlie 
upper sui’face being destroyed. The fore legs, folded beneath tlie 
prothorax, 3vere indistinguishable, and. tlie reniaiiiing two pairs 

Text-iig. 82 . 



, ; A. Laiwa of \\T\st A fihmn Mantis ill resting' .attitude. 

B. Tlni suine wlieii cravvliiig/witU the tore legs exteiuied anct abdoin 
.tiiraeu up. 

of legs wldch .supported, the Ixid.ywvere rende.red' invisible by their' 
gTeenisli. coloratioiunatching The green of the leaves., , .Tbeselegs, 
liowever, were .not of 'the ■vsuine tint throughout; the baser'of the 
foinur was paler than, the ’distal end'; ..the tibia was i,BiM.‘k:ed',\Titl:i 
a median and a distal 'dark ning,. 'and The end of the tarsiiS'Vvas 
darker than its ;p,roxinml .:portion.. .' The opticab.'effect of 'tliis 
alternate handing .with dark’ and" light of", the 'distal, half of the 
legs was discontiiinitj of surface, ''the .light 'areas 'being ..obJitem/ted 
against a light background' ..and,.' the dark .areas' ..'against a dark 
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bfickgroinid. Tlie whole of the underside of the body was black ; 
tile legs of tlie anterior pair were also mostly bla-ck, except for 
pale aniiiilations on the tibia and tarsus. Two factors were in 
the iiiain coiiceiTied in effecting the likeness to an ant, naiiielj, 
the blackness of the underside of the abdomen, and the liabit of 
tlie Mantis, Avhen in motion, of curling the posterior half of the 
abdomen up like a Scorpion’s tail It resulted from this action 
that tlie abtiomeii was in appearance reduced to about half its 
real length, its shape being altered to an elongated OTal, and 
■since its anal end was brought a.s fa.r forwards as the postei*ior 
extremity of the pirothorax, completely covering the metanotal 
and mesoiiotal terga, the black of its underside formed with tlie 
Idack of the protliorax a continuous field only Imokeii by the 
white spot on the prothoraN, which, being situated at the nar- 
rowest part of the body, exactly simulated an ant/s w'aist. The 
long and powerful fore^ legs were extemled forwards in crawling, 
their anniilated distal ends projecting some distance in front ■ of 
the head on each side, so as to resemble the waving antenn® of 
an ant. 

^‘Tlie above desciibed coloration persisted until the' Maiitises had 
attained a length of about 7 mm. At the next moult a remarkable 
change took place, the prothorax losing entirely its black colour, 
and with its loss the I’esemblance to the ants disappeared. 

“ xVii jippai‘eiitly similar case of ant-inimieiy by the larva of an 
Indian species of Mantis has been described by de ISTice'ville in a 
letter to Prof. Poulton (see Shelford, P. Z. S. 1902, vol* ii. pt.' 2,;, 
p. 232). , Tlie Maiitises were said to lie remarkably like "a small 
black ant;, the deceptive x'esemblance was so close, that careful 
scrutiny wa,s necessary to distingiiisli the tine character . of the 
insects, Altliough de ISIiceville gave no particiila.rs as to the way 
in whicli the mimicry was achieved, he noticed that the young 
Maiitises were .incessantly ■moving, just, like the ants they mimicked 
but, quite unlike the adults. 'of .their, own .kind, Shelford also 
recorde.d an inshmce observed by himself at .Kiielioiig of mimiciy 
..between' a Ha.rpagid Mantid {IIpmnopi(,s hicornds) and , a, young 
larva of 'a distasteful lleduviid .bug {Euhjes cmixenay^' 

\^AcM4tiomd' nofs^ ' {M^^ Jtme lMk., 1910\ on the ramtcry ■. ■<,)/' 
the " larva of the Ceylonem Am/-/«-.S‘ec^V{Phyi.Iiurn ' sp..?).— Br. 'A. 

„ Willey, E..E.S.,: 'on, his -return : from Ceylon, brought a' number of' 
-eggs' of 'this'i.nsect as a present to the -Society. , .The. young upon 
' hatching irerO' seen, to differ remarkably in colour from tlie adults. 
The head, thorax, and anterior part of the abdomen wei‘e crimson, 
the' poste.rior ,part',: of the abdomen being miicli darker and browner 
in hue, ail'd 'the legs black. The cidmson and black coloration 
made these - insects extremely conspicuous on green leaves, and 
their , general -■ appearance was remarkably ‘bug ’dike. Their 
-scheme of ' coloration fitted unmistakably into that depicted and 
described by Bhelford (P. Z. S- 1902, voh ii. pt, 2, pi. xxiii. 
figs. 1,2, 3) as illustrated by two species of bugs {MetmiopB ruhncmim 
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and Serimtha idKlominaUs)^ botli probably distasteful, and a. iiiotli 
{PhiiHlti limlxita), all of which mimic a distasteful Lycid beetle 
{Lycosimnus gestrol), Tlie resemblance was so close as to leave 
no room for doubt that similar if not identical species of Lycidm 
and Heiriiptera ' were mimicked in Ceylon by tbe biiaue of the 
Fkylliwm^ In tlie matter of coloration the larva of tins Ceylon, 
species of Fliylliwiii differed markedly from those of the Seychelles 
species^ the only otliei- Leaf-Insect that had been esMbited in the 
Cardens. In the Seychelles species the young upon hatching 
wei’e always green like their parents and procryptically coloured.] 


The following papers were read : — 


1. On the Specialised Cutaneous Glands of liuminaiits. 
By E. 1. PococK, F.L,S., F.Z.S., Siipeidiiteiuleiit of the 
Zoological Society’s Gardens, 

[Keceived June IL 1910.] 

(Text-figures 83-142.) 

Part I,— Introduction, 

In the ‘ Proceeding's’ of our Society for 1836 there is mocli aiid 
varied information, some of it true and some of it false, about 
the specialised cutaneous glands of Euminant Ungulates. On 
pp, 37“"38 will be found a table compiled by Owen sbowing the 
presence or absence of preorbital and inguinal glands in some sixty 
species of Antelopes. Bennett contributed a note on pp, 34-36 
on the preorbital gland of A^itilope cermcapra ; and tlais was supple- 
mented by remarks from Ogilby on the same gland in this species 
.and in an unidentified species of Gazelle. Bennett also coniinuni- 
catecl (p. 39) a letter from Hodgson on the inguinal glands of 
FcmtJiolo'ps and on the preorbitai glands of Oermu mistoteMs and 
of G(i2xiGorms tfmr. The subject was further discussed by Ogilby 
(pp. 131-139) in a paper dealing with the preorbitai, inguimd, 
■'and .pedal glands, and other ' external features in genera of the' 
families Camelidse, Girafiid?e, Cervhhe, Antilocapricla^, and Bo vidae 
Finally (on pp. 66-68), Gray described the tarsal and metatarsfil 
tiifte c>f various' species 'o£ Cerricise. ■ 

"' 'Eleven years later Hod"gson'(J.' A. S. Bengal, xvi, pt. ii. pp. ,685- 
Tll", '1847) published : a- long paper on' the 'Same'' subject, .based 
inainly, but; .not , solely, ' upon',; Indian-^ genera of Gervkhe ".an'd; 
■Bovida^,' without ■■ apparently -.being.' aware of -the work already 
-done by Ow'-en and 'Ogilby '-..and "in '1868 ' Owen repihited,',' 'with: 
sliglit modifications, his original paper, but without incorporating 

_ * Apparently ..largely 'from, data sitpplied . by ' Hamilton .S-mitli "ii.i ' vol, vii.'o'f 
'Gritlith’f! ‘Animal Kiiig.doi'nd.1'837. ■ 
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in it tlie facts estiiblislied by Ogilby and Hodgson Anatomy of 
Yertebrates/ iii. pp. 632-638, 1868), 

These papers contain by no means the iii*st records of tiie 
occiiiTence of specialised integnnientary glands in Ruminants ; 
but those of Owen, Ogilby, and Hodgson are apparently the 
earliest which attempt to deal, comprehensivel}’' with the subject 
from the systematic standpoint ; they are also important from 
the conclusion to be inferred from internal evidence, that they 
ai*e the main soui'ce whence English wmiters of text-books and 
monographs have borrowed most of the statements regardingtliese 
glands. This is a point, however, on wdiicli it is impossible to 
speak with certainty, because of the reticence of the waiters 
i'egardiiig then* authority for the information they publish. Even 
so careful and conscientious a zoologist as Blanford ^ did not say 
wdietlier liis statements concerning the glandvS of Indian Rumi- 
nants w^'ere taken from Ogilby and Hodgson or were based upon 
his owm obsei’vations upon new' material which he assuredly had 
the opportunity of collecting in India, The information he gave, 
how^ever, tallies so closely with that of Hodgson that it is im- 
possible to doubt his great indebtedness to that author. 

I think it probable that Messrs. Sclater & Thomas t and Mr. 
Lydekkert depended mostly upon the publications of Ogilby, 
Hodgson, Blanford, Brooke, and Gray, and upon a few^ special 
memoirs by authors like Flower, Garrocl, and Forbes, supplemented . 
no doubt in some cases, by their owm observations upon the 
glands as exhibited by dried or mounted skins. It does not appear, 
liow’ever, that theii* W'Orks contain many new contributions to the 
subject. The same may be said of Mr, W, L. Selater’s treatise on 
the Bovicke of S. Africa §, except that the alleged details respect- 
ing the preorbital glands of the Tragelaphinse seem to be new, the 
general statement as to their presence and size having been taken, 
I infer, from FiowT'er and LydekkeFs volume of Mammalia, a 
standard source of information on this and other subjects since 
its publication in 1891. . 

In the above-quoted works will be found many discrepancies 
and contradictions with regard to the occuiTence in particular 
genera and species of the glands forming the subject-matter of the 
present paper. These contradictions are difficult to understand, 
unless the errors be attributable to the examination of defective 
imiterial. Unfortunately, '.mast authors, like... Owen, Ogilby," and. 
Hodgson, are silent as to the nature of the material upon which 
their ■, observations were made. . This omission ■ is^ important, 
because; ing'iiinal and preoiffiital - glands,' obvious^ enough'^ 'oh,; fresh 
skins, .may be.cut away or otherwise' obliterated in the process of' 

- ‘ Fauna of B,ritisli'I'ndia ; Mammalia." 

t Tile Book of Antelopes/ vols. i. to vL 18d't-1900: K. H. Porter, London. 

X ' Tko Boer of all Ijaiids/ 1898 r ‘ ^ Oxen, Sheep, and Goats of all Lands/ 
1898; ^ Great and Small Game of Europe, Western and l^forthera Asia, and 
Amenca/ 1901; ‘The Game xliiimals of India/ 1907 ; ‘The Game Animals of 
Africa/ 19U8 : Rowland Ward, London, 

' '§ ‘The Fauna of South . 
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preservation or moiiiiting ; and inferences as to tlie aJ:>seiic 0 oi* 
size of preorbital glands based upon tl:ie depressions on tins 
ia.crjnial bone iiiaj be quite false. 

Oil account of tlieir conspicuoiisuesSy more inforination about 
the |)i*eorbita.l glniids lias been accumnlated than about tiui lugiiina.l 
. or pedal glands. Aitliougb statements as to tlie p^(^senee or 
absence of inguinal glands are not infrequent, verybttl(‘ b.ih been 
recordeil as to their ninnber, depth, and nearness to the rnii.innue. 
The pedal glands have been described as large oi* sina.Il, deej,) or 
shallow,' present or. absent, .but no. co.iTect conception of their 
vai'raliilitv in shape, size, and position is convey ed,b.)y published 
descriptions. The available information, indeed, on such points is 
.souiieagve as eoinpa.red woth the number of 'species inuviiich tiie^r 
Ic'ive been .recoi-ded, that itdias not l)een possible for systeniati,sts 
to use these glands- on a la.rge scale for taxo.noiiiie purposes. 

Apart from th.e, comparatively speaking, eoinprel.iensi'M:i woibs 
above quoted, there are many isolated memoirs on the glands of 
particular species. These are 'quoted in 'their, appropriate places 
in the text that follows. There is'alsoa considerable literature 
dealing with the physiology and histology of the glands. Tlie two 
papers that I have especially consulted are the following : — A.n 
important memoir by Max .Weber upon the .structure of .the 
preorbital: glands and the nature and use of their secTetio.ns in 
several,, Antelopes,” wdtli wdiicli is ■ incorporated a list, of the 
principal memoirs dealing' with the subject of the cephalic glfn,Kls 
in this' group and a special treatise byATax Tempel t? ,whic,h,has 
for its siibject-inatter the pedal glands mostly of European species 
of Artiodaetyla. This treatise, gives" a .brief , summary 'of:,tlxe 
observations of many autbors upon the specialised cutaneous glands 
,of thi,s group, asivell as. of 'other' Mammalia.,' , ■ M’a'x Te,mpel a-ddsa 
toleraljly complete .bibliography, of tlie, subject, and desci'ilies fully 
"the i,nicroscopic{il struct i.me of ..the pediil gla.nds of, the twelve 
.species exa.niined by .him.. ■ 

.In tlie liopes of adjusting' some' 'of ■ tlie discrepancies above 
■alluded to, of fflling certain' obvious gaps in our, knowledge, and 
of' discovering possiWy at , the same time 'iiew and, useful elia,i'acte.rs 
for distinguishing genera a.nd 'classifying liighei* groups, I liegan 
about tliree years ago, with the ■ ■sympathetic , concurrence of ,Mr. 
F. E. "Beddard,' the ■ B.oc.iety'’’s 'Prosector, to, dissect, draiv, 
and describe the cutaneous glands of 'Ruminants that died .in the 
.Gardens. , ;But so many important.' species were unrepresen ted' .in, 
ciiir collectio'ii, :'a,nd''\vere likely'.'to -remain so, that, I'soon perceived 
■the necessity.of procuring ■■mateiual elsewiie,re if the wurk .was to 

. Audi. ra'ife'Aiiat. 'xxxL.pp. '^600-540, '.1888. '■'...■, , 

f tVergl. Anat.-plusioL U liber die Briisen der zwiaclien Klaueiiliaut 

■der PaaraeheiV hiaug.-Diss., Leipzig, 189'6. (pp. 1-67, 12 pis,). . I was iiimlilo to see a 
copy,- of '.this- paper' until "niy.'owri, observations; upon the' same animals were completed. 
Except in one or two matters of detail, due perhaps to difference of preservation of 
material, my results \¥ere completeb^ i accord WdUi this author^s. lam imlebtx'd 
to Mr. B. B. Woodward for the mformation that a probable abridgment of Mux 
Tempers paper' was, piiblished :in'"'Arch. Thierheilk.- -xxiii. pp. 1~48- 
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be raade^ coniprelieii^ive in its scope. I tlierefore applied to 
M.r. Mowdaiid Ward, F.Z.S., ainl to Mr. Edwoi-d Geii^ard for 
skins, feet, or masks of speeiiiieos tha.t miglit be rliscai'ded iritlieir 
stoi’es as useless duplicates. To the generous response iiiy appeal 
elicited, I ovve the opportunity of esaiiiiiiingtliese glands in iiiaiiy 
species 1 could not otlierwise have seen ; Miid I gladly take this 
op|')ortiiriity of expressing my indebtedness to Mr. Itondaiid Ward, 
to Ills manager, J. B. Burlace, and to Mr. Gerrard for the kind 
iielp tliey afibrded me. I also applied to Mi*. H’erliei-t Bolton, 
F.E.S.E., F.Z.S., the Curator of tlie Bristol Museum, for, the 
use of discarded staiied specimens, and with the sanction of the 
Coininittee* of the Museum he kindly sent me from time to' time 
iiiateiial wliicli has been of great use for my woi*k. Finally, I have 
to tliaiik' j\Ir. Oldfield Thomas, F.R.S., for allowing me free access 
to the collection of skins under his chargeat the S’atural 'History 
I'luseuiii, when I 'wished to examine representatives of specaes I 
had no chance of seeing elsewdiere. 

But apart fiorn the ■ verification of previously observed facts, 
very little satisfactory 'work can be done upon dried skins if left 
iiitiiet. It is true that the a,bsence of glands can in, many causes 
be i,rifeiTed by siipeifieial scrutiny ; but their structure, when they 
are present, ca.nnot be a,scertaiiied without maceration and 'dissec- 
tion. It wa.s I'lere tha.t the use. of the material lent or given to 
'lilt' ],:>}' hlessrs. Howland Whird and GeiTa.rd came in, I found tliat 
softening the feet or the preorbital glands, wlien pi'esewved, and 
cutting* tbe'iii with a ra,zor or shai'p knife, i*evealed s],irp'i*isii.igly 
w'ell the liiaii'i features of the glands, especially thissC' of the .feet, 
due allowance being made for ' shrinkage when, as was 'too 
.comnioniy the case, tlie back of the pa, sterns had been opened a.nd 
th,e' connective tissue that normally liolds tlie ghind in pla.ce, had 
been cut awa.y. , 

In no case 'di,d,I attempt to asce'rtaiu the '■microscopical structure 
of the glands tlie,mselves, this 'aspect' of the subject haying .beeii' 
already worked out by Max' "Weber*, 'Tempel, and other autlauvs. 

On, tlie .fi’esli speci,mens I generally made- a practice of 'recording 
and describing the, scent 'of' the secretions— that is to say, of com- 
paring the 'smell .to that of other, and ■ 'familiar objects whenever 
the omy' reii,ii.nded 'ine; of .the. 'other. In some' ca'ses Tliis was a 
simple task. Th,ere was, f(">r in'stance,,'iiO'misfe,ilviBg the reser.ttblance' 
between the' scent of the secretion of the ingfiirial glands of Oim 
v'lgneiimd of G-mdla stjJbgiitt’m'osa -to the urine of 2fus muscukts^ 
nor of 'that of .tlie pedal glands- .of Lamm to the same substance. 

' Blit .in, other - cases no such 'comparison was possible, owing to' the 
"fact' that -the 'scents 'Were, and were therefore not com- 
■ptiiuble to af'ny suhstane'e, ■knbw.ii to me. 

I noted incidentally in most cases the number of nianimse, but 
;I, was disjrppoiiited in the hope of getting useful taxonomic features' 
from these organs. The typical number in the Ruminants is two 
■ paire, although the occasional presence of three pairs in domestic 
cjattle suggests that six may haye been the original tobd. Two 
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pjilrs, liowever, seem to ])e invariable in tiie true Cervidte ; never- 
tbelesSy scmietiiues at all events, lias orilj a single pair, 

and two pairs are found in the inajovity of the Bovidie* hi tlie 
(JapriiuB and Antilopiinn, however, only a single pair is, as a, rule, 
found, and these represent the posterior pair of the qiiadiiinaiii" 
niiite genera : but in Bheep, Goats, and Gazelles tlie mammae of 
tlie anterior pair are so commonly retained in a vestigial sta,te 
that it is only possilile^to affirm of these genein, that they nsually 
h»ave but a single pair of mammae. 

I found, on the contrary, as I anticipated, that the glands, and 
especially the pedal glands, sometimes supplied valuable con- 
firmatory evidence of kinship between genera already a,ffiliated for 
other reasons, and sometimes showed greater divergence between 
genera tliaii was previously suspected to exist. But neithei* the 
presence iioi' the absence of the glands could be considered as 
furnishing in itself evidence of kinship, without other characters 
being taken into account, because it was clear that the glands Imd 
been independently suppressed in genera belonging to different 
gi-oups. 

While working at the pedal glands I was greatly impressed l>y 
the difference in the striictui*e of the feet with lespect to the en- 
croacliinent of the “ web,’’ or jimctional in tegument, of the digits 
over the intei'digital area, and to the manner in which it is folded. 
In the case of dried skins it is generally impossible to substantiate 
the presence of glandular layers ; but the interdigital clefts which 
result from the folding of the in tegument of the pastern can 
always be detected whether they be sj^ecially glandular or not. 
It must be i‘emenibered, how'evei*, that, strictly speaking, glands 
are never absent, since the skin is furnished with sebaceous 
and s\v eat glands which form the basis of the specialised glands 
here desciibed. The statement that glands are absent 3 uei*eij 
means that macroscopic inspection fails to reveal evidence of a 
specialised area of glandular activity or of a particvdar leceptacle 
for the storage of secretions. 

The terininologj of tlie glands and of otlier featmes employed 
in this paper is as follows :■ — , , 

Fooi : the terminal portion of the leg lietweeii the carpo-nieta- 
carpai or taiso-metatarsal joint and tlie apex of the lioof. 

Fethek’ the carpo- metacarpal or tarso-metatarsah joint. 

\ the area, between the fetlock and tlie hoofs. 

' Hoof: the terminal portion 'of tl)e foot, consisting of the pair 
of.distal ,pliaia:nges,-each of whicliis covered witlii'iaked skin, which 
is softer close to tlie pasterrithan distally, where it is protected' in 
front ami, laterally by -the the supporting area, of the' hoof 

is composed of the sole in front and'' '.'the .AcaMjeliind ; the. heel4ie 
is the integument which joins the heels together; and the inter- 
mu/ual mipf/moent is the skin that extends forwards from the 
heels to the front of' the' pastern above t.he' hoof; 

PetM (/lands are't,he„.ia..rger oi*' smaller,'''poclmtdike''or ' flask-like 
invaginations of the 'Skiil'' 'Which '.o'pen .'upoir, .the; ,'the 



1910.] CUTANEOUS SCEXT-OLAXOS. OF nUMIXANTS. 845 

pasterns or between the base of the hoofs (= postcligi tab inter- 
ciigitaly and iriterimgiilate glands of Owen : fossae iiiterdigi tales of 
Ogilby ; iiiterdigital pits of Hodgson ; foot-glands or hoof -glands 
of other English authors). 

Carpal or k tiee glands are the glands comm only represented l>y 
a. pad of long hair just below the knee or carpus in several 
Eovides. 

Tarsal glands are the glands represented by a tuft or pad of 
hair on the iimer side of the tai-sns of some teleioetacarpal Cervida? 
( = the calcic tuft or gland of Hodgson, at least in part). 

Metatarsal glands are the glands represented by a pad or tuft 
of hair on the outer side of the metatarsus of some Cervidje and of 
amongst the Bovidje ( = the calcic tuft or gland of 
Hodgson, at least in part). 

Preorhital glands are the glands in front of tlie eyes ( = siib- 
orbital and maxillaiy pits of Owen ; sinus laciymales and glandula? 
maxillares of Ogilhy ; eye-pits of Hodgson ; antorbital glands of 
other English writers). 

Ingimial glands are the saccular glands of the ginin { i=mguiiial 
pits of Owen ; folliculi inguinales of Ogilby ; inguinal glands and 
pores of Hodgson ; groin-glands of other authors). 

In addition to these there are glands of less common occurreneej 
such as the post-cornual glands of Eitpimpra^ the occipital glands 
of Cam^eliis^ the caudal glands of Cap)ra, the gland of 

MoBchtis, and the unguicnlar glands or glands in the false-hoofs of 
Tetraceros* 


Part II.— Ox TH 32 BTlltJOTURE OF THE CtLAXDS AXE THE SYSTEMATIC 
Results to be oERnniiD from them. 

Family BOTIDEE. 

Idle subjoined dichotomous analytical key, based mainly on 
the structure of the feet and upon the specialised cutaiieous 
glands,' shows the subfamilies "into which thC' Bovkfe may be 
provisionally divided on the evidence supplied l>y these cliaracters. 
I have preser'ved all the subfainilies.already established by previous" 
authors,' and have added a: few new ones, for the reception, , of 
isolated geneia which I found could not be included in the divisions 
to, , .which thej' had: been hei’etofore' assigned without frustrating 
the attempt to define the'- gimips in ' question . ' ■ . . 

, The, erection of new subfamilies' fox* the accommodation of ...these 
aberrant genera appeared to me to be the most expedient course 
to follow under the circumstances, althougli some authors may 
perhaps demur to the sepai'ation thus entailed of Pantholops 
from the Antilopina^ and of Oreoireigns from the ISTeoti-aginie, 
Furthermore, I am inclined to think that additional groups 
of subfamily rank will probably be established in the future. 
'BoselapJim and Tetracenis, for instance, might perhaps be 
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■wisely muc! iidviinttigeoiisly se|..iara,tecl from the A.frica,ii Tr:igelar 
pliiiies. Possibly a special sul'Jamily shoiih.l l3e erected for 
Aijii/}j:tdor€a'S, 'wl'iicdi ati present I a.m unable to clfissify ; and a 
good case could be made out foi* splittiiig up tlie fliipiea.prime, 
wiiich no one can claim to I'je a iioi'nogeneoiis unit. But our 
kno'wleclge of tlie nuitnal affinities of tlie ’vairious sections of the 
Boviihe is so siirprisingljr incomplete that no attempt at a final 
cla,ssiiicatioii of tliem can at present be attem])ted. 

■ Chving to the impossibility of aiTanging tlie vsubfaniilies 
according to their p)roba.ble relationships ii'i a, linear series, it 
•conies alioiit that in the aii'iiexed table diyisions of tliis rank' are 
juxtaposerl wldcli ba/ve obyiousl}' no neiir rehitionsliip to eacdi 
other. Oreotraf/HS\ for i'u stance, is ]:>robabl}u as is ustially supposed, 
allied to tlie IS’eotragii.ife a.nd Fantholops to tlie Sa.iginay Aiitilo- 
piiiie, or Caprime. ' Yet these two genera fall, by the^ difiei-ential 
adiaracters made use of, under the beading ' alongside ‘ the 
^;h]p3a'3ei‘iiia% the Orygmi^, ami others wfitli ' which/ they have 
certainljy as I at piresent believe, no close connection. That is 
mie of the olivioiis defects of such, tables as the S'objoiiied, which 
are coiiiinonly ninch more useful than scientific. 

I have made no attempt to inclnde Ovihos in tliis key, Ijonn- 
berg's 1‘ecent' paper on .tliis form m‘a.king one conclusion abiuidantly 
•clear, namely, tliat the genus must for the present be left by itself 
ill the snbfaniily Oviboviine.''; 

a. Oil the front tnul usiially also on the hind leg a large iiitiu*- 
digitul deft, fonning a ghind the orifice of which is a long 
slii with its upper margin sharply defined by the abrupt 
(lesecHt otAhe integument between the digits ; or else the 
oritieo of the cleft is shorter and the gland move or less 
tubular, exteiiding up hetw'een the hones of the pasterii, its 
posterior will! being fovvued by a close fold of integuinent 
forming the heel-tie iiiferiorly, so that the orifice of the 
gland opens dowinvards l>etween the hoofs. 
h, Preorldtnl gland nearly halfway between the eye and 
nose, not valvular or invaginated, but marked exteriiidly 
Iw a hare streak of shin studded seriully \vith pores ; \veb 
of pasteiai reachiing only to the hcads/clos<dy folded, the 
ghrvKl tuhidar \vith the orifice opening freely into the 
' space between the hoofs CEin'i',A,LO,i^rn:.N‘V (p. 8t'57}. 

f/. Piaawlrital glmidotyasioiuillyalun-ted, when present visiifdly 
a valvular invagination, never marked externally l»y a 
stimk oidntegunient w’ith serially arranged p<>res. 
cx (hands casually or approxdmately CHiually deveh)pc‘d <>{) 
both front and hind feet. 

d. ]\[uffie large, naked above as, far back as tlie posterior 

" angle of the nostrils Ni^oteacin ( p. 879),'" 

d'. Muffle small, hairy above almost or quite to tlie 
,ante,rior aug.le of the .nostriby , 
e. Ih?dal glimds more or less tubular ; the integument 
of thc^back of the pastern clostdy folded at theheels. 

"."■,MA»oQyiN'j5,(p.'876). , 


: ,Baac4 .upon ' .observation, of’ the other genera being 

uiknowii to me. ■ 
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e.\ ,!*edal g-lands a deep deft u'itli a long- u.pertiire on 
tlie front etf the pastern, the weU extei'ndiiig- forwards 
as a dose fold of integument from the heels towards 
tlie front of tlie lioof and serjuridiug the eavit}' of 
tl'ie gland from tine spaoe between the lioofs. 

AXTiLOPIN.lt (p. S87). 

eh Pedal glands al>orted or nearly so eoi the hind feet. 

Buba,ltx.t; (p. 900). 

Never a deep interdigital cleft opening hy a long orifice, with 
sharply defined irpper margin, on the. iront of the pastern : 

|)edal glamis when present and well develojjed somewhiit ■ 
liask-sha|)t‘d with a constricted orifice opening on tlie front 
of tlie pastern aliove the hoofs (exc. Jinpimpi'a). never 
opening deep in the isiterdigital cleft above the heels. 

f. A tie] roes, si oil on t,lie lower half of the pastern irt front caused 
hy the gradual doxvnward and hackward descent of the 
skin of the middle line towards the heels, where it meets 
the posterior skin to fonii the heel-tie, n.llowing the 
liOofs to l>e widely or moderately widely separated 
apically ; only rarely (in If??j//cap;vT) does the closely 
folded integument extend forwards from the heels and 
shut off the interdigitai cleft from the space hetweeu 
the hoofs ; pedal gland, when specialised, folded tijion 
itself ,aiid .opening hy a small orihce on the front of , 
the pastern high, above the hoofs. 

Kt-piCAPBixjB (p. 848) and Capki:.xa: (p. 859). 

/'h At nif,>st a shallow' depre.ssion on the front ot the pa.sfenj ; 
the hoofs joined together almost thronghont their basal 
extent bv' an interungiial l'■lalld of iutegninent extending 
forwards ^n^^m the heels, where it meets at an obtuse or 
right angle the skin fcwining the posterior wall of tlie 
pastern ; it siinihnly meets that of the anterior wall of ' 
the pasteriij wliich forms a continuous surface in the 
middle line, except XYhere its continuity is sometimes 
broken for a short distance liy the orifice of the ytedul glamh 
which, when present, o],>ens close to the hoofs ; thus, 
ex'cept for .the glandular infolding, the anterior and pos- 
terior walls of the pastern are widely separated from each 
other in the middle line. 

f/. Hoots truncated apically, the heels raised high above the 
ground during progression: (inter ungual integument 
hairy throughout ; a v'alvular preorhital gland ; rnulfle 
•large; no pedal .glands) OnEOTEAcnit^ (p. 885). 

Hoofs pointed, the entire sole and heel in contact with 
tlie grcmnd during progression, 

Ji, N’asal cavities considerably ■inllated;. skin of the heel- 
tie posteriorly folded-' upon .itself in- correlatioii with 
the backward extension of 'the enlarged, heels; '■(no., 
preorbital or pedal glands a- '"pair of very . large , 

'inguinal ' glands with orihee remote ' from 'the ' ■ ■ ■ 

jnamma');.., Paxtholopisa; (p. 898), 

7ik, 'Ha.sal cavities iiot specially inflated ; s,ki!!, of heel-tie , 
not folded', heels moderate in size. ■ 

. i. A pair 'of' large metatarsal glands -on the hind 'legs; ', 
no false hoofs ; interungual integument continu- 
mnsly hairy ,• [no ijreorhital or pedal glands j. 

/Epycerixa? (p. 018). 


.*'TMs sec;tion should, perhaps, he divided into two or more subfamilies, none of 
the genera being clos-ely related to one another. Saiga should possibly come under 
the heading fm the type of a special gi’oup Saigin® j but the exact structure of 
the feet and of, their glands is unlhowii to ''mop, 
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r. No motutarsul ; false hoofs present; iiiter- 

iingual integnmeiit naked. 

l\ Pedal glands present on all four feet and consisting 
of a tliiek-walled, elongated sac gradually lessen- 
ing in calibre towards the orifice, which is situated 
close to the summit of the iuteruugual web : or 
else the gland is small and opens behind a conical 
excrescence developed from the summit of the 
interlingual web as in Addai}:^ Oeyg-ix.^ (p. 907), 

Pedal glands absent, except in PeleUy where they 
consist of a thin-walled, compressed, roundish 
sac with a short and narrow neck, the orifice of 
which opens some little distance above the summit 

of the interungual web CeevicapkinjI'; (p. 911), 

TuAOELAPiiixit: (p. 921), BoviKiE t (p. 932), 


Bobfamily E u p i C! A p E i N je. 

Genus Eupicapea Blainv. 

Eupicapra eupicapea Linn. (The Chamois.) 

(Text-%, 83.) 

According to Owen the Chamois has no preorbital glands, but 
possesses inguinal glands and a gland behind the base of each mx\ 
Mr. Lydekker, on the contrary, states that a small preorhital gland 
is present t; and even so recently as 1904 Max "Weber Die 
Saiigethiere,’ p. 675) asserts that the male possesses postauricular 
glands. The pedal glands were described by Max Tempel. 

Living examples of Tyrolean Chamois in the Zoological Gai‘dens 
show no trace either of the preorbital gland mentioned by 
Mr. Lydekker or of the post-auditory gland mentioned by Owen 
and other writers ; nor could I detect a toce of tliem in the oni}^ 
fresh specimens I have been able to examine, namely two newly 
born kids, or upon dried skins in the British Museum. 

The feet of these immature specimens were more like those of 
Gazelles than of any Antelopes, Sheep, or Goats that I have seen. 
When the hoofs were pulled apart a triangular interdigital 
depression was shown. Tliis, however, was both shorter and 
much shallower than in Gazelles. It became gradually shallower 
and narrower upwards to its a-pex, the deepest and broadest part 
being at its lo'wer end, where it was closed by the inter- 
lingual "web. The skin of this iveb was folded back in the same 
way as in Gazelles, but much less deeply, so tliat the skin forming 
the back of the glandular depression was separated some distance 
from that of the back of the pastern. The walls of the depression 
w^ere somewhat scantily clothed with shoi^t hairs. Also, as in 
" Gazelles, ^thev entire interlingual lyeb, extending from near'" the 

* Oil account of fcbe peculiar structure of tlie feet tliis genus sboukl perhaps foriu 
tlie type of .a special subfamily, Addaciuse. ' ■ 

t These groups are distingmshable by other ehamcters than those supplied by the 

.feet. ■ ,v 

J .^^rreat and' 8mall Game of Europe/ p. .17$, 1901. The authority for this 
statement is not .given . ■' 
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front of tiie proximal end of tlie hoof almost to the heels, was 
clothed with long liairs, the heel-tie itself being naked. 

The feet of these immature specimens agreed with tliose of an 
adult Chamois described and figured by Max Tempel {op. eii. 
p. 50, pL xi.), except for the more scanty clothing of hairs on tlie 
walls of the depression. In Max Tempefs ex;iinple the walls 
of the depression were thickly clothed with long hairs loaded 
basal ly with secretion, and the skin forming the posterior widl of 
the depression was in contact with that of the back of tbe pasteiii 
as in Cazelles. 

Judging from the immature examples above mentioned and 
from dried skins examined in the British Museum, Chamois have 
four mamma}, but no inguinal glands. 



A, Head of male showing fully dtweloped posteonuial glandulai' swelling, 
JU The glandular swelling from above ; ce, antenor, posterior end. 

C. Summit of head of adult female dra'wm'on the same day as A, showing 

absence of swellmg. ' ' ^ 

D. Foot of newly bom kid showing depression on' the front of the pastein. 


That Chamois possess, glands upon-' the' head has , been known for 
many years. These glands have had a curious ajid confusing 
liistory. : They have been persistently described as post-auditory ” 
or “.post-auricular,”' whereas, ■-■■in.-. reality they are immediately 
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beliiiicl tlie iioiiis and well in advance of tlie base of ■ the ea,i;‘s. 
By no possibility can they be described witli accuiucy as ]}eliiiid 
the ears. I tiiiiik Kamilton Smith must have lieeii tlie first to 
start this error in 1827, In Glriffitlds ‘ Aniinal Kingdom/ iv, 
p* 22, he stated that there was a gland beliind the ear ; but on 
p, 281 of this volume he described tlie same gland a,ppjireritly a-s 
occurring the horns. In i 836 Owen repeated the stateiiieiit 

that tliejirre post-anditory, thns'coii'firming my suspicion that he 
lioiTowed many of tlie faets. for his paper from Hamilton Siiiitli. 
In 1855 tlie glands were quite correctly figured and descrilied by 
Ton Hessling as bebiinl the horns (Zeitsch. f . w. Zool. vi. pp. 265- 
271, pi. viii.) ; but in the illustration accompanying this memoir the 
ears appear to have been added as an aftertliougbt, for they are 
drawn as jirojecting from tlie side of the head-skin imicli too far 
forwards, the anterior edge of their bases being in a line witli tlie 
posteiioi* base of the horns, so that part of the gland, at all events, 
is behind the ea,rs. The' figure, however, is cpiite wrong in that 
particular. As is "well known, the horns of a Chamois rise verti- 
cally nearly over the eyes and the ears are set far behind both. To 
Owens’s mistake and Yon Hessling’s inaccurate figure must probalily 
be attributed the vstatement made by Flower and Lydekker (‘ Mam- 
malia/ p. 12, 1891), by Max Weber (Die Sang. p. 675, 1904), and 
by Lydekker (‘ Field,’ 1909, p. 1100) that the glands in C|uestion 
are post-auditory, the latter even speaking- of them ■ as ‘^bccipital/’ 
Y’et, 'Curiously enough, Flower -knew 'at one time that they ‘were 
behind the horns and in front of the ears, because there is a pre- 
paration in the Museum of the College of Surgeons showing their 
exact position ; and in the catalogue there is an entry in his hand- 
writing, giving an accurate description of the preparation wdth a 
reference to von Hessling’s paper This specimen ivas received 
from, 'the Zoological . Society in ■ 1877, ■ many yea,rs before the 
I’epetitioii' of , O' iveids mistake l>y Flo-wer in his clasvsical wurk on 
the Alammalia. , 

A, further point of interest connected with this specimen is that - 
it was a female. The... glands 'appear' as a pair of.subcrescentic 
slits, '.one .behind: each horn an-d about' half an incl".i away .from 
it. This estoblishes: the conclusion that the female possesses 
the 'glands 'as 'well ■ as the male, although they do not appear to 
become enlarged at the breeding- sea..son as -in tlie' latter. Their 
'appearance 'in 'the, bucks was recenOy 'described liy Mr. A. Buxton 
(CField/d9,0-9, p. 1.056), wiio. found them in the, autumn of the 
year' in various sta-ges of -'growth, and 'said that'' 'they gave out a 
'.stroi'ig' goaty sniell. 

In the male Tyrolean Chamois now' living in - the Gai’cleiis'.'the 
glands- began to -swmll in the-, latter 'half -.of -September,,, when .the 
coat' began to darken, W'Ore ’at''theii' maximum through' hToveinher 
and the first lialf of December, theh^.gradiiaily,dwindled-':'away,' a-iid' 
by the end of the,' first , ’week of ' janiiary 'were represented by 'a 'flat 

I am indeBted to Mi*. 'R.' -H. -B'Enie, KZ.S.,'for'''ty3 'iifionBLati<>n'.'' - 



CrTAXEOTTS 8CE?^T>GLANIJS OF RUMIXAXTS. 


851 


1910.] 

area of wiiiikled skin buried in the liairs of tlie top of the Iiead. 
At no time did I see any discharge or secretion coming from tlieui. 
At tlieir best they projected well above the longest hairs on the 
parietal area of the head as a pair of rounded eiisb ion-like excre- 
scences of purple skin studded with short hairs and folded into 
deep intersecting grooves, recalling a pair of cerebral lieinisplieres 
marked Avitli a few sulci. Seen from above, the margin is 
straightisii in fi'oiit up against the horn, lightly convex: externally, 
widely rounded posteriorly, a-nd straight internalh^ where it is 
closely in contact throughout its length with that of the opposite 
side. The surface is convex from before backwarals and from side 
to side ; and from tlm antero-inteiiial angle of each on the uppdi* 
side two deep sided descend towards the external border, one close 
];)eliiiid the horns, tlie otliei‘ backwards and ontvnrds, giving ofi‘ 
tAvo backwiirdly-directed short sulci in its course. 

In a male eigliteeii months old tlie glandular area showed no 
signs of swelling as late as November. 

In one of the iieiviy boi'n kids I found these postcoriiiial glands 
represented ]:>y a pair of very shallow crescentic grooves' entirely 
concealed in the hairs of the .top of the head. 


Genus Oiieamxos EaL 

Oreamxos mo,K'taxus Ord. (The Rocky Mountain Goat.) 

(Text-hg. 84, A.) ■ 

The .presence of glands beliind the horns in this species has 
been recorded by Mr. Hornaday Mr. Fredei*ick Gillett t, and 
by Mr. Madison Grant t. ■ Mr. Hornaday described them as “ a 
peculiar bare patch of' black oily skin, the size of a half dollar.” 
To this Mr. Gillett added the important information tliat ^Ainder 
t-Iie external .skin these glands consist of a soft red tissue saturated 
•witli a milky siibsta.n.ce, .like the udder. of a cow. In the speed-, 
men .at :'our [London, Zoological] Gardens these gla.nds are pa,rtially 
covered up by long liair'-at 'the; present time [IMiiaiary], but in 
October and " Novembei* they. are ■ moi-e conspicuous. The. older 
the animal the more jmonoimced ■ are -the glands.” ' According ' to 
Mr... Madison Grant tlie gland, which is as. large, as half, an orange'' 
and .situated in^'a half -circle .immediatel}"' behind , each . horn, is 
sometimes 'so tough. aS :.to .wear deeply into the base of "tlie.diiorn.” 
This a'uthor cites, the piesence of this '-'gland as. the .most striking 
character of Of’eamnos ' as compared '-.with, other genera, of .Rupi- 
ca.,priii». No doubt ' his failure .to 'recognise it ,'a,s the same gland 
that is' found .in the Chamois -.(Mipicapm) is to be attributed to 
the 'erroneous description of ihe latter as; “ post- auricular.’* 

My '.owii.'.notes'Upon anmld 'male .■animal 'living in the Gardens 
completely ' bear out'/what; 'Mr. '.Gillett 'Said as to the seasonal 
development "Of ' 'the 'gland.. ..'.'InThis ''respe'ct 'it ' agreed '"closely with 

,F,.'Z. 'S'.':i905', .Y(>i. 'h 

X hliatli Anmial Beport elte YoA Soc. p. 12 (repnat). 
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tlie iiomologoiis gland of the male Chamois ; but the iiitegiiiiient 
coveidng the gland 'was much more horny and coai*.se:r in textiii‘e 
than in tlie Cha-mois. 


Text-hg. 84. 



. This, Rocky /Monn tain. .Coat- had '.no preorbital or inguinal 
glands. The .feet were.'-coiistructed almost' as in. Coats ; 
that is to say,' there; .%ras -on the dower, .part, of the pastern, in' front 
a, deep interdigital depression formed by the ahrupt do\?nward 
jiiid backward slope of the integument to meet that of the posterior 
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side of tlie pastern at an acute angle just above tlie iieels, fir ml v 
biiidiiig tlie latter together. As in wild and most tame Goats, 
the Avails of this depression ivere clothed with long liairs. On 
the hind, feet these haiiAS Avere clean ; hut on the fore feet tlieA" 
were stained yeiioAv and stuck together, showing dried scurfy 
mateiial at their roots and suggesting actiAfity of the sebaceous 
glands oyer a considerable part of the area. 

The genus Orecmnms exhibits puzzling cross-affinities. Witli 
the feet and beard of the Goats {Capra) are combiiiecl the short 
cannon- bones of the Takiii {Budorcas)^ the post-eomiiai glands of 
the C'haiiiois {Bupicapm), and the short, lightly curved, backAA'ardly 
incliiiei'l horns of Capricorms and N’mrnorhedus. 

Genus Is .emorhedus H. Snn 

Is'.EMORHEDUS GORAL Hardw* 

(The Goral.) 

According to Hodgson, A. goi^al has no inguinal or preorbitai 
glands, but possesses feet-pits on all four feet. Owen is in agree- 
ment Avith him as regards the absence of the glands in the groin 
and on the face. 

Ogilby also states that the preorbital and inguinal glands are 
absent, and adds that the pedal glands are large and the maminie 
four ill number. 

My oAvn observations agree with these in eA'eiy respect. 

On a fiat skin of A. goral sent to me finm Chamba by 
Major Rodon, F.Z.S., I found the pedal glands present on all the 
four feet. They presented a close resemblance both in position 
and structure to those of Sheep {Ovis), opening by a small orifice 
on the front of the pastern some distance above the hoofs. The 
orifice led into a slightly dilating hair-lined sac running back- 
AAwds to the posterior aaMI of the pastern parallel to the inter- 
iiiigiiab Aveb. Just below the orifice the integunient descended 
obliquely betAveen the hoofs to the heels, Avhere it formed a stout 
horny tie. This interlingual Aveb met the integument of the back 
of the pastern on the heels almost at right angles. The hair on 
the back of the pastern extended only for a short distance between 
the heels ; but the interlingual integument was covered Avith long 
hairs, becoming progressiArely shorter towards the heebtie, vdiicli 
Avas itself smooth and- hairless.. The hoof itself awis short and 
compressed with the heels liighi their web or tie being- raised con- 
siderably above tbe ground. ■ Thus ■ not only in the position and 
structure of the pedal gland but also in the hairiness of the' 
interlingual integument and. the smoothness of the heel-tie, a very' 
close' reseiiiblaiice could be traced between the feet of 
and those of Ovis, ' 

1 believe tlie pedal gland ■ described above was incomplete, since , tbe bones and 
tissues of tbe pastern bad been to a large 'extent -cut away from -bebiiid and there 
was a small tear ill tbe sbin , of the bottom ■ of 'the, glanA 

P'lioc. Zoom 8og. — 19-10,. Ho. LVL--'- ; „ 
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N^emokhehus rA'DHEAXUS Heiicle. (Raclde’s Goral.) 

(Text-%. 85, A.) 

Tlie eiitd.re skin of an adult example of tliis species from 
Lao-i-sa,n, near Shensi in Central China, was kindly lent to me 
l;>y Mr. Edwai'd (lerrard. 

The striictiii’e of the foot was tlie same as in lY. goral, except 
that the hoofs were rather longer and the pedal gland much 


Text-fig. 85. 



B 


A. Median vertical section of front foot of. KeemorJiedus raddcamis. 

B Tbe same of Capricornis cHsjptts. 

ffL, pedal gland ; o., its orifice. 

(Dry specimens.) 

longer and more capacious. Just within the orifice tlie duct was 
directed for a very , short distance upwards and backwards. , It 
then took a, sharp bend downwards and forwards, running close 
along the interlingual ,web tO' the heel-tie. ' At . this point it ' was 

* Pocock, P. Z. S. 1908, p, m 
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l)eiit sharply h;iC'kwar«ls ainl up\vn,r0s on itself, tlie terminai portion 
wliieli, roiiglil}’ speaking, ran parallel with tlie integument of the 
back of the pastern, ]’>eiiig si,il)er|i.!,al in lengtli t<3 the portion 
riiiining parallel to tlie interlingual welu llie glaini was liiierl 
Avitli liairs and charged with secretion. Its structure was praeti- 
cjill}" tl'ie same on liotli front a,iid hind feet. 

Tliere were two |»airs of teats, hut no trace of ingniiial glands 
could lie detected. 


(leiius CxiPiiicoRXis OgilloL 

CaPIIICOIIXIS THAU Hodgs. 

(The Xepalese Seiow.) 

Accoriliiig to Owen this species possesses preorbital glands, but 
is without inguinal glands. Ogilby, however, assei’ts tiiat it Ims 
inguinal glam, Is and pedal glain'is and four inaninne. 

Ill the example of the Darjiling race {C. thm' jitjnr add Poc.) '‘g 
now living in the (hardens, a ilistinct Init small oi'iUce is observ- 
a.ble upon tlie pastern of the fore foot, and the wliite hair imiiie" 
diately aroiiml it is at times stained A’ellow, proving that a gland 
is present [iiid active. Tins animal is a female nearly live years 
old ; and the preorljital glaml is never prominent or turgid as 
described by Hodgson in the case of the male (J. thar t. It is 
represeiittul externally by a. ciirular oritice, from \Adiicli exude 
dro[)s of whitish diiid lia.rdening into soliil particles, recalling 
liotli the appearance and scent of gum arahie. I am tmalile to 
state anything about the inguinal glands. 

CAriucoKXis (or CArKicoRxuLus) crlspus Temm. 

(The Japanese Serow.) (Text-%. 85, B*) 

Mr. Eilward Germrd kindly lent me a dried skin of this species. 

Tlie ■ preorbital gland consisted of a simple hair-lined poiicli 
with a small siibcirciihir orifice. The pedal glands were well 
developed' on all four' feet, and resembled almost exactly in 
.structure those of Nmmorhedm raikkamcs, Tlie feet also were 
constructed as in that species, though' the hairy clothing was 
longeix There ivere four teats, but no inguinal glands. 

I am also indebteii ■ to Mr. E. Gerrard for the opportunity to 
examine tlie fiat skin of a female of C.wrgyrodmtes from Szechucu. 
Oil" this I could find no jiedal glands except a slmikov 'dep,ressio'ii 
on one of the anterior feet, recalling the aborted pedal .glands of 
Ckqrm, Pseudois^ and Ilemitmgus. Moreover, ' the hair the 
fro,nt of the pastern did not extend '-so' far doW',ii wards hetweeii 
the hoofs, as in (7. crlspus and Ncmnorhedus raddeaiim, Tiie '.state 
of ' preservation of the feet on this' skin 'does not' justify tiie fi,iia!, 

,* . Abstr. P. %. S. 1 :M>. '55, p. 12, IdOB ; P. Z.,S. 1908, p. 183, tig. 34 , 

f r. Z. S. 1836, p. 39-5 

' : ■ 56 =^ : • ' 
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coiicliisioii tlint the gltinds a, re rtbsent ; and until more is kir-nYn 
of tlie pedal glands of the other species referreil to (Japricor)iis, 
no certtiin. con elusions can be dro-wn regarding- tiie taxonomic 
value of the facts above i-ecoi-deti. If C. argiirochmtes prove to 'be 
Avithoiit glands and (J. thar to litive tlienn there will be t:i strong 
prim.a feme case for regarding these species as belonging to two 
distinct genera.. G. thar is tlie type of Capricornis^ and for 
C. argyrocJuetes the na..ine Nemotragtis Heude will liave to be 
eniplo3’ed. 

Finally, it ina,y be added that Owen states that 0 , sumMrensis 
possesses inguinal glands as well as the preorbita-l glands — a. fact 
whicli still furtliei' empliasises tlie importance of tlie exa,].uination 
of fresli material of tliis little-known genus. 

Genus Buhorcas Ilodgs. 

BuDORCAS TAXieOLOR WHTTEI. 

(The Bhutan Takin.) 

In tlie living example of tliis Takin in the Gardens there is no 
trace of preoibital gland, and none of pedal glands on the fore 
feet, as may be clearly seen when the animal rears hei’self up 
with tlie hoofs spread against the liars. 

Buhorcas tibetaxus M.-Eclw. (The Chinese Takin.) 

(Text-fig. 84, E, p. 852.) 

Mr. Gerrard kindly allowed me to cut the fore and hind feet of 
a female example of this species from Szecliuem There was no 
trace of pedal glands on either the foi-e or the hind feet. On the 
foi-e feet the integument on the anterior suilace of the pastern 
ended in tho middle line below in a strong transvei*se web, 
beneath 'whicli it passed between the lioofs neai-ly parallel witli 
the proximal edge of the innei* surface of the nail, tlien turned 
sharply at right angles, forming a, strong heel-tie iToming parallel 
with tile sole of the hoof before turning up to be continued vvitli 
the skin of tlie back of the fetlock. As in the Sei'ow {Capriconiis 
firgprochaites) practically the whole of the interim giial integument 
was naked, although anterioiiy the hair on the front of the fet- 
lock was continued a little lower, slightly below the transverse 
web. The iioofs tliemselves were shaped vexy much as in Oapri- 
corriis, hut the heel-tie was situated moi-e forwards and nearer 
the proximal edge of the inner lamina of the nail, making the 
hoofs much less distensible than in that genus. 

The structure of the hind foot %yas essentially the same as tliat 
of the front foot, but there w^as no trace of the anterior integu- 
rneiital well. ■ ' ■ 

There was no trace of inguinal glands, but the four teats on 
the dried skin were curiously, inva.ginated, giving the , appeainiice 
of four small symmetrically airanged pits, 'which I at first mistook 
for inguinal p.ouches. 
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Tiie ,ii*eiier';j of .Eupiea|:niiiR: may l>e ;is follows r-y 

tlieir cute neons glands ; — 

a. Mutiki lar,j-ej eiicircling tlie mostrilfi below avi<l exk'iidiiia; as. far 
as tlieir 'posterior ana-le above ; a well-developed pedal glaial 
like that of Ovis on all four .feet. 


h. Preorbital glands present Ckprleornis. 

h’. Preorbitiil glands absent JS^amorlic-i'his, 


a. .Dilntlle small ; pedal glands, 'when present, otlierwise formed. 
i\ A pair of glands bebin.d the horns in both sexes ; interdigital 
cleft deep. 

d. Interdigital glandular cleft opening inferiorfv between the 


hoofs, the heel-tie simple Oreamnris. 

d’. Interdigital cleft shut below by a close fold of integument 
extending forwards from the heels towards the proximal 

margin of the nail in front Miipicapt'a. 

c\ Xu glands behind the horns; interdigital cleft shallow’ Biulomis. 


Bnbfamily 0viBOVix.f:. 

Genus OviBos Blaiiiv, 

OviBOs MoscHATus Liuii. (The j\,[usk-Ox.) 

(Text -fig. 86.) 

According to Ogilby thts a..nima,] has four teatSy but iieit,iier 
preorbitai nor inguinal glands. Of the pedal glands lie sa:id 
iiotliiiig. Lomiberg (P. Z. S. 1900, pp. 163-165) agrees as to the 
number of teats and appa.rently as to the absence of inguinal 
glands ; but he found in his specimen the preorbital gland well 
dex'eloped, being 23 niiii. long, 18 mm. broad, and 8 mni. deep. 
Tsie interior of the pit was lined with hair, but I cannot judge 
fi'oni the description wiietliei’ the orifice was va.l\uilar a,s in Ovia 
or simple as in Capricornis (the Serow). 

Lomiberg also states that- he failed to find a-i.i}’- pedal glands. 
I wim able to ve;rify this fact on a front and a liin,d foot of a 
Musk-Ox which Mr. E. Gerrard Idndly allowed me to cut. On 
the fore foot the skin of the middle line of the pastern in front 
ends inferiorly in a, small web, beneath wliieh. t],ie integument runs 
backwards and doxvii-wards to the anterior portio.n of the heel, 
then curves' iipivards and ba.ck wards towards the posterior portion 
of the heel, where it is continuous with the, skin of the posterior 
surface of the pastern. This skin is co veiled with long hairs, which 
pass for a short distance between the heels, Imt the greater part 
of tlie integument' which ties the heels together is' t|iiite .naked. 
Above the .. heel-tie, however, the interlingual integument' is 
covered with .long hairs, which, largely 'Overlap the proximal inner 
margin of the nail; and 'when the hoof is examined' from below 
',t!'.vese hairs appear as a, Io.ng and thick tuft projecting ,forwa,rc!s from 
the anterior' portion, of ,'the heel-tie .and. filling .' the greater. part 
of the .intei’iiiig'ual space. Long hairs arising .from,' tlie hottoin' of 
the pastern in front also’' overlap' the proximal anterior jiortion 
of the hoof. As is . well • 'kno.wm, the' hoofs are' '.remarkably sliort 
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and broad, tlie aiitero-externiil portion of t]ie nril being eiiorinousl}' 
developed as cortipjired witli tlie sitia’ll internal portion, tlie soles 
aiH'l lieels l:>eiiig corre-S]>ondiiigly birge. 

Tlie liiiid foot is verv like the fore foot, and lias no tra.ce of a 
glam] ; nor on tlie si'ieeiiwen e.xainine<] did 1 find any trace of the 
Kinall antero-siiperioi- ■ web, and’ tlie integiiinent of the front of 
the ]»asterii (leseeinled inoi’e- abruptly between tlie hoofs down to 
the lieels. luakiug a inoi-e nie.rked depression hetweeii tlie I i oofs 
than was visible before tlie front hoof. 


Texti-%. 86. 



A. Mediiui vertical section of front foot. 

B. The same of hind foot. 

C. Lower snrfhce of hind hoof. 


The systematic position of Ovihos for the present he 

left niisettled. According to Lonnberg, it should rank a.s a Sfiecial 
siibfaiiiilj', for which the name Ovibovina? is retained. G-my 
it ina,y be added, long ago placed the Ta.kin (Bmlorcas) with Ovibos 
ill tiie , family Ovibovidai ■; but the eridenee that the two are^ really 
related ig not coiiTiiicing, and cannot be settled until the anatomy 
of is known. 

' Ihiirn Mamnn iiiLhc Ikitish Mnscimi, p.'Sl, 1873. ' ,y 
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Subfamily C A p r i n .e. 

Genus Ovis L. 

(Sheep.) 

Ogilby stalled that in 0. (tries (Domesticated Sheep) tlie preorbital 
glands are large hut imniova.ble. the pedal glands small and the 
inguinal glands absent, adding that there is only a single pair of 
main line , 

A.ceordiiig to Hodgson, 0. arnmon. the Siberian Argali, and 
0. (MYtimcm hofigsoni {^amriionoides), the Tibetan Aignli, lia.ve 
large but iiiimomble preorl>ital glands, distinct inguinal glands, 
and pedal glands on ail four extremities, wheipas 0. the 

]\loiiilori, for wliicli on that account he created the genus (Japrovisy 
clifiers in having no pedal glands. 

Owen {' Anatomy of Tertebrates/ hi. p. 638, 1868) described and 
figured the pedal gland presunialily of a domesticated Iireed ; but 
according to Isidore Geofiroy the glands are absent in some breeds ; 
most modern text-books and systematic treatises state that the 
preorbital, pedal, and inguinal glands are present, and that there 
is a single pair of mammae, a statement with which my own 
obseia^ations are entirely in accord except that there is occasionally 
an additional paii* of small ina ramie. 

I have examined fresh specimens of two wild species, namely^ 
0. vignei and 0. r^nisimon, and a dried skin of 0. canadensis. 


Ovis vignei Blyth. (The IJrial or Gad.) 

(Text-figs. 87j 88.) 

The preorbital gland consists of a hair- lined valvular pocket or 
invagmation closed by a llap of skin forming a movable upper lid. 
The pocket in captive specimens is commonly blocked with a nearly 
dry and waxy or quite dry secretion with no definite snielJ 
but that of sheep,” and the haii*s ai’ound the oiifice are generally 
stuck together with the same substance. The dryness of the 
secretion is probably pathological and due perhaps to insufficiency 
of green or natural food. ■ ■ 

The inguinal glands, two in number, consist of rather shallow 
pouches, with the deep part underlying the teat, close to which 
the wide subcreseentie orifice opens. The secretion is yellowish 
and waxy, and gives oS* a powerful odour,, just like that of , the 
urine of the common. House Mouse musculus). . The' area, 

of skin surrounding the teat and gland, is naked.' formally 
there is a single,' pair . of ' tea.ts. In one specimen, hoW'^ever, I 
fO'Uiid an additional' smaller pah*' lying' in '.front of the pair 
adjacent to the orifice of the gland. , ,, 

The structure of the feet, is very constant. When the hoofs are 
pulled apart a triangular' hairy depression's seen in^the' middle line 
of tlie lo'wer half of tfie pastern. This depression 'is .caused by the 
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A. Iiiguinal region of young male: w., mamma ; gt^ orifice of glaiidj tiie 

size of the invagination shown by a clotted line ; Be., scrotum. 

B. The same of lamb three days old, showing the shallow glandular 

depression igh). 

C. Front foot of an adult showing the orifice of the pedal gland (o.). 


Text-%. 88. 



Ovu i^ignei. 


A. Median vertical sectic>n of foot of lamb three days old. 

B. , The same of adult. 

gl^ pedal gland ; o,, its orifice* 
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soiliewliat iibiTipt descent of the internment just a]3ove tlie lioofs. 
It descends straiglit down to the heels, which aie united, by ;t 
strong tie ruriniiig for a short distance pa,rallel to the sole of tlie 
hoof before turning upwa,.rds in continiiatioii with the skin of the 
back of the pastern. The heel-tie is the only portion of the 
iiiteriiiigiial integument which is hairless, the area above the tie 
being covered with long hairs which project forwards, overlapping 
the proximal margin of the nail in front. 

The hoofs are short and pointed and the heels of the lioofs well 
developed, being botb bigb and long, so that the integunientai tie 
between them is raised considerably above the ground. 

The pedal gland opens by a small circular orifice neai:* the 
summit of the triangular depression on the front of tlie pastern, 
some distance above the hoofs. The orifice leads into a narrow 
duct which quickly but gradually expands into the gland. The 
latter descends along the interungual integument towards the 
heel, then turns sharp!}" upwards and backwards upon itself for 
a short distance along tlie integument of the back of the pastern. 

The gland is lined with short hairs, and the secretion is a clear 
semi-iiiiid substance with a pleasant scent like toffee (baked 
l:)utter and sugar), slightly infused with acetic acid. 

Of this species I have examined several specimens of various 
ages from Persia. One example tliree days old bad all the glands 
developed, the pedal glands being as large re,latively as in the 
a,4.1iilt, the preorbital gland only a little smaller, but the inguinal 
glands decided!}" shallower. I ba.ve also noticed that the iiigiiiiial 
pouches are sometimes quite sballow in Sheep of domesticated 
breeds. 


Ovis MUSIMON Sclir. 

(The Sardinian Moufioii.) 

This species has the glands of the same structure as in 0. virpiei, 
with the preorbital gland smaller ; but in one specimen I noticed 
an unexpected difference in the feet, the entire interungual area 
from a point on a level with the front of tlie hoof downward 
including the heel-tie being naked instead of hairy. 

Ovis CANADENSIS Shaw. 

(The Bocky Mountain Bighorn.) 

In a= dried skin of this species, for which I was indebted ' to 
Mr. E. Gerrard, I found the preorbital gland, which Mr. .Lydekker 
ha,s described as minute and almost rudimentary, to consist of a 
small but very distinct valvular invagination, only difiering in its 
relatively smaller size from that of other species of Bbeep, '' The 
presence of a pair of inguinal glands was .unmistakably indicated 
a.nd there was a single pair of teats. Remains' of ' the pedal glands' 
shoTved that, these organs open .as. in 'ordinary, Sheep, '.and .the 
interdigital area wms clothed, with hair^ dowm' to . the heel-tie. 
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/Jo m est i ca ted Sh eep . 

Of Domesticated Sheep I luive examined examples of 
'breeds clitFerent c-onntries Avitlioiit finding Jiny variata'oiis of 

moment structure of thepedrd. inguinal, or preorbital, glands. 

The rarest specrmens were thed’ollo'wing : — a lamb oi tbi^ee 0)‘ four 
mo'iitlis old from Fair Island l^et-ween the th*'kr»eys and Slietlands. 
beloiigiiig to Mr. ,A.. J. Sewell ; a black lamb of aljoiit two iiioiitlis 
old. pr(>ba,]:)ly lielonging to a- foiir-borued breed from CVdtlniess in 
Scotland ; an a.dult sbort-tailerl ram of tlie breed from tlie island 
of Hoa in the Ile]:trides ; a Hiinia. or Fighting Eaiii from 'Nepid 
and a foi.ir-borne«l breed from tlie same country, both sliort-tailed ; 
twis i*ams of tlie long-tailed maned breed belonging to tlie Haussa 
tribes of A. .Nigeria : and a. fat-tailed Soiitli- African Slua^p 
lielonging to Sir Claud Alexander 

In three of tliese sbeej), namely, in the Caitliness and S()a 
sjieeiineiis and in the Hnnia Ham, I noticed tliat tlie interlingual 
ai‘ea was haii’y, exact!}' as in 0. vlgneu and not miked as in the 
exainph* of 0. rf/iisihio/i described aliove. 

In no Slieep, domesticated or wild, have I found the pedal glands 
alisent ; and in every ease where the scent of the secretion wiis 
testeil it had tlie sweet odour of toffee. Tlie histology of the 
pedal glands of Ovis arleslms been fully desciibed by ]\!ax 
'Teinpel. 


Glen us Ammotragus Blyth. 

Ammotragu>s lervia Pail. ( = Ovis tragelaphits). 

(Tiie Barbary Wild Sheep.) 

1 ha\'e had no opportunity of examining a dead S])eciinen of 
this species ; but careful inspection of a living roale exampile gav e 
tlie following results. 

There was no trace of preoiliital gland. Inguinal glands also 
were absent, and tliere was a, single paii* of teats. The feet \veri‘ 
constructed as in Sheep and Goats : lait there was no trace, eithc‘ 1 ’ 
upon front or liind feet, of any oiihce k-‘adiiig into a sttecial gland 
such as is present in Sheep. In Sheep tlie orifice of this gland 
may be seen at once by superficial seiaitiny of the front of the 
pattern, in spite of the' hairy clothing. The most striking 
peculiarity about the feet of this example of O.hrvia was the 
a.ppa rent smooth ness of the iiiterungual integuiiient and the 

it statwl in works on Katuml History that domesticated breeds of 

Slieep ditier from all tlie wild species in liaving long- tails. Tiiis is not true. Of the 
above-mentioned Slieep the shortest tail, containing only 6 vertebra; with a short 
tenoinal iinsegmented portion, was found in the Soa, I'jreed. Tlie Fighting or Hunia 
Ram from Nepal had a tail 61 inches long, containing 10 vertebra;. In the Caithness 
breed the tail scarcely reached the hock.s and contained 15 vertebra;. In the Haussa 
Sheep, on tlie contrary, the tail nearly reached the fetlocks imd was coinposed of 
20 vertelirje, as in a fat-tailed Asiatic Sheep mentioned by Pallas. It may be added 
that Nepalese Sheep of the Hunia, four-horned, and one-liorned, races all ha\-e 
short tails, the tail of an adult four-horned specimen measuring only: inches. 
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sliortliess of the hairs clothing tlie interdigital depression on tlie 
froiit of tlie pastern. 

In the al'xseiice of preorbital, of inguinal, and of specialise^! 
pedal, glands A mrnotmijas /crciVf agrees witli Pseudois, Ilemitragiis, 
aii(,l O'Cipra. aiiil <'liffers from Ovls. Tim glands, in fact, completely 
l)ea.r out tlie conchrsioii .suggested the striictnre of tlie slviil] 
and certain external features described in text-books, that Aiitmo- 
tragus ca,iiiiot consiste.ntl\' he included in Ovis if Capra ]’;e 
excluded tlieief i*o,m . 

I do not k.no\v wlio 'wa.s the authority foi* tlie statement foumi 
in ]\Ir. Lydekkers work ‘Wild Oxen, Slieep, and Cdoats,’ ]>p. 14h 
& 2*26, 187S. tliat tliis animal possesses pedal glands. Tlie 
invariable presence of tliese gla.nds i.s cited as cbui-aeteiistic of 
Ovis ns contraste<'l witl'i Capra ; and the species in question is 
ineiiided iirulei’ Ovis, altliough subgenerie rank is assigned to it. 

Genus Pseudo is Hodgson. 

PsEUDOis NAYAUR Hodgs. (The Bharal.) 

(Text-fig. 89.) 

xVceording to Hodgson, 0. uayaur lias no preorbital glands, but 
possesses small peda.,l glands on all four feet and two ingiiinal 
glands, marked, howevei’, liy vagaie pores. It was principally on 

Text-fig. 89. 



A B 

Psetidoh' 

A. lledisin vertiijal section of front foot of' female retainingilie aborted, gland (///.h 
li Tlie same of tlie iiiale without trace of the gland. " t, 

the iibsence of the preorliital glands that Hodgson separated tliis' 
species from Oris as ' the. type, of a distinct 'genus Pseudms. 
Bla,. Ilford repeats the infoi'matioxl, supplieil ' ,bj , Hodgson, but- 
without quoting hiin, as his authority. 



864 


Mil. 11, I. POCOGK OX TilE 


[June 14, 


I Imve exa;iiiiiie<‘l two iresli examples, male and female, of this 
species, and can endorse wliah Hodgson says with regard to tlie 
absence of the preorliital gland, though its position was inai'ked 
h}^ a small patcli of naked skin. I found, hoM'^evei', no trace of 
iiigiiiiial glands, and Hodgson himself ailinits that tlie pores 
(invaginations) are vague/’ Perhaps the glands he found were 
mammary glands. As for the pedal glands, 1 discovered on the 
fore feet of one specimen (a female) a very siiiall invagination 
dipping into a subcutaneous glandular patch, exactly like the 
gland described above as occasionally occurring in Goats. On the 
hind feet a similar small pocket was present, but there was appa- 
i-eiitly no differentiated gland. In a full-grown male there Avas no 
trace of the gland or the invagination on any of the feet. Except 
that the interdigital depression is perhaps a little shalhaver, the 
feet do not differ stmctiiralH from those of Goats. Tlie depression 
is covered with long hairs, tlie tips of which overhang the margin 
of tlie nail ; only the bridge of skin holding the heels togetlier is 
naked. The practical suppression of all the glands found in typical 
Slieep is, ill my opinion, ample justification for regarding the Bliaral 
as the type of a genus distinct from Ovis, cpiite apart from other 
structuial differences such as those supplied by the skull. Whether 
or not Psemlois can be distinguished from Oapm, to which it is 
linked by one of the races of C. cylindricoi^nis^ is another matter. 

Genus Oafra Linn. (Text-fig. 90, B.) 

All autliors seem to agree that the preorbital and inguinal 
glands are invariably absent in this genus ; but there is no such 
unanimity as regards the pedal glands. According to Ogilby they 
are present; whereas Hodgson says they are either altogether 
wanting, or present only on the fore feet, and Isidore Geoffroy * 
states that they ai‘e very rarely pi‘esent. Hodgson, i-ecords their 
occurrence on the fore feet in specimens of tliree distinct breeds of 
domesticated Indian Goats, namely theOliyapn, tlie Biiial, and the 
Dugii. He gives, moreover, an illustration of an exti‘acted gland, 
•which shows it to be of the same general struetiire as in Bhei'p, 
although 1 ‘elativelj smaller t. 

Having examined the feet of many English Goats killed 
in the Society’s Gardens for food, I can endorse the accuracy of 
HodgsoiTs statement that the glands are absent in the hind’feet 
and present or absent in the front feet. In the latter, however, 
they are mucli more commonly absent than present, and I liave 
never found them so \vell developed as Hodgson represents t. 
They are, when present, ■ represented by a shallow pocket-like 
invagination bearing a. few short hairs, those that protrude from 
the orifice being stuck together with secretion. This invagination 

Hist. Nat. gen. iii. p. 435. 

t J. A. S. Bengal, xvi. pt, ii. pp. 1016-1026, 1S47. 

t Max Tempel also oivly occasionally tbuiul an aborted gland in Domesticated 
Goats." 
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oeeuf'iies tlie same position as the oriiiee of the gland in Ovis ; and 
this fact, coupled with the close i*esemtjlaiice that Hodgson slio\-\'ed 
to exist l>etweeii the glands of Capra when well developed aiirl tliost* 
of the former genus, suggests that the ancestors of existing Goats 
ha,il glands on the fore feet, an<l probably also on tlie hind feet, 
like those of 81ieep. The feet themselves also closely reseiiilde 
those of Sheep. There is a deep depression hetween the peniih 
tiiiiate phalanges, formed by the abrupt downward slope of tlie 
iiitegTuneiit of the upper (anterior) side to meet that of the lower 
side at an acute angle just above the heels, forniing a strong some- 
times homy union betiveeii them. The heels are thus incapable 
of much disteiisioii, whereas the tips and proximal portion of tlie 
upper side of the hoofs can be widely separated. The heels ai*e 


Text-fig. 90. 



high and pirominent behind. So far as the hairiness of the inter- 
digitai depression ' is coiiceinied, great variation exists. In some 
cases it is covered with longish hairs, in others it is quite naked, 
an intermediate condition existing in others. Seeing how constant 
a s|)ecific character the hairiness of this area is in wild species of 
Riiininants,, I am at a loss to kiioiv what explanation to put upon 
its vaiiahility in these domesticated animals, which are supposed 
to be descended from G. cegagrus. 

Domesticated Goats have :two shallow glandular pouches at the 
base of The tail beneath, one- on each side, close to •the anus. ' I 
have also found these in '€ktpra'cgUndri€07mi$ imd fahomri. 

Df species usually .ref erred; to Capra 1 have examined the fol- 
io wing specimens, in- addition to the domesticated, exampiles- alluded 
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to iibove, I'uid fouiitl no tivice of preoL'Int:!.!, ingiun;i.l, or pedal, 
glan/is ill oxix of tlie.m 

C. (pgdijnis Crete : t3ne young male. 

( t sihirlcd from 0]uiinl)a, : one young male. 

(J. falcon eri from IST.W. Imlia : two arlult males. 

0. cjjUndrwocHis from the Cauca,sus : one young male and 
one female ki«l tint died at liirth. 

The structure of the feet resemhled tint of Domesticated Coats, 
and the iiiterdigital depression was in all ca,ses ha,iry, hut sliowed no 
sign of secretion sueli as was observable in tlie example of Oreanhnos 
niontav. us described above. 


Ceniis I lE.ifiiiiAO ns liodgs. 

ILemituagus -iemIjAicus Hodgs. (Tlie Tain*.) . 

(Text“lig. 96, A, p. Hbo.) 

Aijcording to H'otlgson tliis species has no preorbital, inguinal, 
or pedal gLiiids. The .specimens, three in number, wliicli L liaA'e 
exsimined bear out this statement, except that in one female 
example I discovered on the hind feet an abbreviated gltiiidiilar 
pocket like that found on tlie hind feet of a female .Pseadois 
Sometimes, at least, tliereare four maimme. 

ITodgsoii included in his genus lleinitixtgm^ II. h/locrms 
from the iJTilgiri Hills; but I cannot find any evidence that 
he examined a specimen of that species for tlie points mentioned 
in Ills generic diagnosis. He sepa.rated llemitragiis from Ccqym 
because of the kirger size of the mufile ” or naJced skin at tlie 
end of the nose, the allegeil presence’ of four teats, and the aliseiice 
of pedal glands, which he himself admits niay be altogether a, liseiit 
in Capra, According to l^lanford, liowever, 11. hi/locrm^^ lias but 
a single pair of teats, tlnis agreeing with typical Coats. 

Hodgson states that the male Talir liasa, strong Ca.prine odour. 
It. is true tliat in tlie winter and ea.rly spring the aiiimal smells 
strongly ; but the odour is exactly like tliat of a Cormorant o,r 
Frigate- Bii*d, an<l not like i.be odour of Cttpra icgagrus oi: 
falconeri. 

Judged by their glands, the genera of Ca,prime fall into two 
categories, as follows 

it. With well-developed preorbital, pedal, and inguinal glunils, the 

latter not always in vagiiiated in domesticated breeds Ovis. 

Without preorbital and inguinal glunds; pedal glands, when 
present, represented by a very shallow depression, e.vcept in some 
Indian Domesticated Goats, where ghuuis resembling tliose of 
are found on the fore feet. 
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Siil^family 0 e p h A L o p h i x -E, 

(The Duikeps.) 

According to Owen the following species of tliis su,lihiiiLii\rl];i\"e 
iiigiiiiial pits and preorbital glands lodged in a. depression of tlie 
maxilla ; — Ce'jjhMlo'pkus silvicidtrix^ grim ml {^ — mergeiis^ burckeUi^ 
grimnii), m.onticola {perpitsilla^ jyjjgmim), rnaxirelli. 

Two species were exa.Tiiined by Ogillpv, iiaiiiely, 0, 'inouilcola, 
cited as Tragidus pgginceits, and C, grimmi, citeA as Sglulcapra 
mergens. According to this author C, m-ontlcola lias, neitiier 
inguinal nor interdigital glands, whereas in (J. grim/mi there sire 
siiiali iiiterdigital glamls ami distinct inguinal giamls, both species 
I'laviiig olflong maxillary [preorlntal] glands lodged in depi*essions 
of tlie maxilla.. Ogilby also records the presence of two pairs of 
inaniime in tliis genus "b 

Tlie preorliitai gland is <lescril>ed in most recent systematic 
works as consisting exteiaially of a bare sti*eak of skin studded 
with a series of poi-es ami situated some distance in front of the 
eye of the coi*res|ionding side. Webei*t deserilies in detail the 
iiistological structure of the gla.iid ami the nature of its secretion 
in C. pifguimm points out the difierence it presents 

in the male ami tlie female, ami gives a list of the species in whieli 
he had observed its external hirm, together witli niiicli otiier 
interesting niatter. The pedal glands do not ap[)ear to liave l.ieen 
descril;>ed. 


Glenns (Iuevei Grayi. 

Gitevei 3IAXWEL.LI H. »Sm. (MaxwelFs Duiker.) 

(Text-figs. 91, A,cG 92.) 

In a female exarnple from Portuguese Guinea, presenteil by 
Dr. Ansorge, the external streak of the preorbital gland was 
markedly bent downwards at its posterior end towards the anterior 
corner of the eye, its lower margin being therefore concave. It 
was studded wdth aliout 25 vertically elongate porevS, forming a 
single series, from eacli of which, a few' short hairs arose. With 
pressure, licpnd drops of secretion could lie easily scpieezed from 
the pores. The gland itself underlying tlie bare streak did not 

The syecitic names and have l>eeu assig-ned to the so-called 

Ro.yal Antelope 5 Xrotnv/a.'i pi/gmisns; and Bdater and TIumias cite Traguluti 
ot' Ogilby in the synonymy ot‘ Neotragus pggmaus. This view* is, I 
r hint, incorrect, because Ogilby described the preorbital glands of 
and of Sglmcapra mergeus in exactly the same terms as glundidte maxillaves 
oblowgie ’T mui since Sglpicapra merffem is admittedly a Cejihalophine, one must 
infer that Ogilby’.s Tmgiilm ptijpmmm belonged to that subfamilyandimt to tbu 

Neotragi lue. _ That Owen’s Antilope per pnsilla and pi/gmima were also* Ceiihaiopliinos 
is clearly indicated !»y his placing them with other species of Cephaloplms in a group 
tdiaracterized .by “ maxillary ” as-opoosed to suborbital pits.’’ " .M'oi'eover, heqtiotes' 
B. A-fricti" as, the locality of perpmilJa^ ' hem 

Liberia. ' ' ‘ , 

f. Arch, niik.r. Aiiat. xxxL pp. 507-539, 1888.. 

J Eeasoiis for the adoption of this genuS' are. given below (PP* ' 
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differ in stiiictiire and consistency from tha,t of G. vieJmiorheus niul 
Syl'vica-pra coronata described Ijelow. Wlien ali\'e tiie animal Imd 
tlie bafdt, not noticed in other Duikers, of rubbing the gb'iiicliilar 
I'lrea agniiist one's hand when presented to her. 

There were no inguinal glands, but two pairs of teats weo:) 
present. 

The pedal glands were well developed. The slvin of the l,)aek 
of the pastern extended right down to the heels, forming a, strong 
union between them. It was then folded Bliai'ply Ixick upon 
itself, as far as the false hoofs, to form the posteiior wall of tlie 
gland. A.t its deepest or nppei* part the gland fornied a laterally 


Text-fig. 91, 



B C 


A. Head of female of Gueimi maxwetti^ .sliovviiij? tlie preorbital gland {gl.). 

B. Lojigitiuliiial section of the preorhitiil gland of coronata, 

C. Transverse section of the same. 

compressed subcircular sac which communicated with tlie tri- 
angular interdigital depression, seen when the hoofs were pulled 
apart, by means ' of a narrow tube with a gradually , expanding 
subcircular orifice. .This interdigital depression, was formed by 
the folding back of the skin of the anterior side of the pa-stern 
some distance above the proximal margin of the hoof , the infolded 
portion fomiiiig the anterior wall of the gland and constituting a 
somewhat deep anterior interdigital web., whicli ' did ' not project 
nearly so far inferiorly'as ■the , posterior shallower but" stronger 
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web tying tlie lieels together. Tiie vralJs of the 
flepre.ssiori ^,vere tliickl}" covereil witli long hovir.s proj«n:*tiiig tlown- 
warfls over the pi-oxiiaa.l rna.rgm of the nail, thi>se on the : interior 
side of the posterior -wel) lieiiig espeeirdly long*, so as to eondiict 
the secretion ilownwai-ds between the heels of the hoofs. The 
dilated cavity of tlie ghnn.ls was Ijeset witli short scattered hairs 
whicii gradually lengthened towaials the orihce of the gianch The 
secL*etioii itself was white and sticky, with a repulsive odour of 
dog’s f frees mixes] with acetic acid. 


Text-hg. 92. 




A. i\fediu!i vertical section of liiiid foot : o., orifice of petla] gland. 

B. Front foot dissected to show the giand entire. 

(Fre.sli specimens.) 

In fiiiotlier female specimen from .Bekondi also referred to 
ir. rmiMveUi, the preorbitai streak, although lightly concave down- 
^v^l^ds, w’as not so abruptly angled at its posterior end as in the 
one, described above. The streak was , 18 mm. long, 2 mm. wide, 
and had a ro’w of about 20 vertically elongated pores,' from meh 
of which a, few' small bristles aa-ose. Drops of fluid could be 
squeezed " ill the same ivay from these orifices. There ivere iio 
inguinal glands, and the pedal glands resembled those, of 'the first- 
described specimen. 

The absence of ..the inguinal glands' 'in these tw'o specimens of 
fr. maxwelli suggests that Owmii' was -probably .wrong, in assigning 
these organs to -the 'species, '.for, it -does', not- seenr probable, that 
-, 'Pboc. Zoom So€.— 1-910, Ko-LYIL b-,- 57 
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such elifu'ucter is siil.Ject to individual variation witliiii specific 
limits. I snsiiect. moreover, tiiat Ogilbj* was correct, aiidj b\' 
tiint Oven was in eiTor, in stating tliat inguinal 
glands ajv alA^ent in 6’. moRtkoJUj since the latter seems to be 
I.HJ Or to G\ maxireUL But I cannot doubt that Ogilbv 

T.T- vivug in saying tliat pedal glands are ab.sent in Q. mordicola. 


OvEtKi .EQUATcmiALis i\Iarseh. ^ (Text-fig. 93, A, B.) 

The cat fort of a. dried, skin given to me hr Dr. Oiiiisty, who 
sli'Ot iriie aiiimai in, the Cliagwe forest, Uganda, had a gland of 
iieurly t,i)e same strnctnre as in G. rtielanorkeus. Tiie foot of this 
siieeimei'i cliffiers m eolcjiir fro.ni that of G. ^nniani^eUi. being ]3row!i 
<,',:iver and s]'n.r,vi,ng no w.iiite pateli just below tiie .false hoofs 
on tin? Ijacfc of tlie pastern and no white on its front close to the 
ti'ia I'igiilar interr'iigital depression. 

Ti'ie siinilarit}* in tlie structure of theii* pedal glands favours 
tilt? vievr that tr. melMimrhem and (J. cmiiatorialis may be siil)- 
specifically and not specifically distinct. 


GlEVEi MELAXORHEi'S Gray. (Text-fig. 93, G.) 

A single j'oiiiig specimen from xVngoia pi*eseiited by Mr. H. F. 

Tjrriaii. 

A.s in G. ftiaxwelli the preorbita! streak wa,s lightly coiica^^e 
be, low, l:)ut its ca.,irvafinre ' was less ai,)rnpt and situated fa,rtlier 
foi“ wards than in Dr. Ansorge's example from Portuguese Guinea.. 
Tlie streak was 22 into, long and 1 nun. wide, studded with a 
single series of c.ircula,r pores, ' from each of. wTiich a, single short 
hai,r arose. The glaml itself, -wiien extracted, measured alaoiit 
27 mim long, 10 mm. wfide, a.nd 5 mm. in vertical depth. In 
section, both longitudinal and ti‘ansve.rse, it w’os pale externa Ily, 
with its central third forming a da.rk core. Under slight pressure 
drops of Ciea.r fluid, like liquid gum traga.ea.nth, coul(i'l:)e squeezed 
from tlie pores. ‘When rubbed between the fingers it became, as 
it dried, quite sticky, giving out a faintly aromatic odour lil^e that 
of bkek-eurraiit tea. Under hard pressure pale -whitish-grey 
niaggot-like tii reads could be expressed from the pores, 

I,n,g:uiiial glands were abseiU as in G. mmweUi, ' 

The feet were constructed as in the last-named species, witli 
the inarkeii clifierenee that the pedal gland eons,isted of a simple 
naiTO'O" ey,],indrical tube not extending so far as the fa,]se hoofs 
suidi showing no sign of expa.nding between the bones into an 
enlarged laterally compressed dilatation. 

Although superficially CG mmyiveUi and €G niehiiorheus are so 
muclr alike that it ha.s been suggested that tliej be r.e<mrcled 
merely as subspecies, if appears to me that' the difference in the 
structure of tiieir pedal glands entitles the two to specific separation, 
at all events ' until further examination has 'shownMIiat this 
eliaraeter lias .not the' value here claimed for it. 
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Text-fig, 93. 





A. Median vertical section of iiiiid foot of Guevel wqm 

B. Do. of front foot of the same. 

C. Do. of hmd foot of G-.mehmorheus. 

(All dried specimens.) 

Genus Oefhalophus H, Sni. 

Gephalophus dorsalis Gray, (The Bay Duiker.) 

A single example from Sekondi presented by Capt, G. H, 
Armitage. ' 

The preorbital streak was straight, 22 -mm, long, 1 mm. wide, 
and studded with a single 'row'.. of 14 pores,. from which grey- 
coloured ■ fiuid could be pressed, ■„ 

Iiigiiin,al .glands were well developed ■ and widely separated .by 
a space of 42 miii. fxwi tbe two mammse of each side,.' , Theire was 
only a, single pair of these glands. Each consisted of a long saC' 
very gradually expanding .internally 'from the. orifice,': the. walls'of 
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tlieliOTtom thinlof the pocket beiug oomigctetl auil i-idged. The 

secvetioii yellow aiid sticky. The struetiireyjf tlie leet 
nlBiost the same as in the species already described, except that 
trie fold of integument forming the weir at the heels was eiior- 
monslv tJiickeDed ami horny, foiming a. very strong union Iretn eeii 
tlie two iioofs behind. I^Ioreover, this interdigital depression was 
onlv sca.ntiiy clothed with shortish hairs, the tips oi avIucIi 
S i:o5rce]y oveidapped tlie margin of the nail of the hoofs, except 


Text dig. 94. 



quite ' in front, The pedal gland itself was not dissected outj but 
its circular orifice ■ Vki\s apparent. Apa,i‘t from otlier feataires, 
{it (hr sails differs from the species of the m(cxweUi group in 
possessing inguinal glands'; and in this connection it may be 
noted that O'wen records the presence of inguinal glands iii 
C. slhmndirm, one of the larger species of the genus usually 
considered to be related to C. dm^saUs. . . 

CliSPHxiLOPH'irs XIGEIFEOXS Gray. (The BlackhVonted Duiker.) 

(Text-%. 94, B.) 

A female example of this species, kindly lent to me . by 
'Mr., Gerrarclp agreed mtii C, do7^sdis in 'possessing a , pair 
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of inguinal glands consisting of deep siibcndiiidrieal poiiclies, 
witli tlie orifices i*emote from tlie inammie. Tiie iiiterdigital 
cleft was scantily liaiiy and tlie heel-tie was very thick ns in 
C. dorsalis ; and the pedal gland on all four feet consisted of a long 
expaiuled sac with a small orifice, as in G. maxtreUi and in 
S. coTonatus. 


C EPil A LOPH US SILVIC ULTP IX . 

(Tlie Yellow- backed Duiker.) 

Ill two dried and fiat skins from the Cameroons, kindly given 
to me liy Howland Ward, Ltd,., I found the feet and pedal glands 
'Constructed as in C. niyrlfrons. About the ingiiinai glands on 
these skins I can affirm nothing. Owen, however, says they were 
pi'esent in the species. 


Genus Sylyicapra Ogilby. 

Bylyicapra coronata Gray, 1842. 
subsp. CAMPBELLUE GlUY (?) 1843 '‘'U 

Of specimens referred to this species, I have examined several 
from various parts of Nigeria, including two young males fi-om 
Bokoto, pi‘esented by Major Bearight, and one from Ibadan in 
the Yorulia country, presented by Mr. T. Christ. 

Ill idl of them the preorliital sticak was lightly coiicjaA^e 
upwards, thus difiering in shape from that of the Duikers of the 
rtmnocelU group, and also, though in a lesser degree, from that of 
0. dorsalis. The streak was studded with a series of 15 or more 
pores, from which fiiiid secretion with a pleasant aromatic odour 
could be squeezed. Dnder continued pressure black coiling woim- 
like tlireads of a waxy consistency exuded. 

A pair of inguinal glands consisting of wide but (in tbe young) 
shallow pits wei‘e present. They were much shallower tlnan in 0. dm*- 
sails ; but their orifices, as in that species, w'ere situated a long way 
from the two mammae on each side, l3dng in fact just on the feiiioial 
side of tlie fold or crease between the inner surface of the thigh 
and the abdomen : and, as in 0, dorsalis, the wdiole inguinal 
and mammary ai‘ea of the abdomen wvas naked a,s fan , out as 
the glandular orifices. The secretion of The inguinal glands 
smelt like sour milk in two examples, but had an objectionable 
fjBcal odour in another. 

The feet were constructed as in other ' species of, this group. 

According' to 'Gray '(Cat. Bum. B. M. p. 23, 1872), €. caniphellm was, i,n 1872 
represt'iited in the British Museum - by a single 'skin from West, Africa', which he 
marked interrogatively as having been obtained at Sierra heone. The skin a^ees 
tolerably closely with the Kigerian examples that I lmve seen. I think, therefore, 
that Gray, was probably correct in .assigning his 'type to West 'Africa ; anci^tbat it 
, was an error to suppose that the name camphellm belongs , to , a ;Eatal ,form,, of 
8i/lmeapra (Lydekker, ^ Game Animals' of Africa/ p.,y42, 1§08').' ' 'S.' coronata Gray, 
from Seiiegamfiia', appears to, me to be paler. fonti' of the same, species. ; ■ ■ 
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blit tlie walls of tlie triangular interdigital depression lea, ding 
to the gland were very sparsely clothed with quite short hairs, 
niiicli fewer and shorter than in 0, dorsalis. Only at the 
infeiior niaigiii of the side walls of the depression were there 
long hairs overlapping the proximal edge of the nail of the 
hoof. The gland itself consisted of a large laterally compressed 
sac, veiy mucli like that of G. maxwelU, iDut with the iiarrowecl 
portion iiiiicTi shorter and w'ider, and with no long hairs 
jutting from the orifice, the walls of the sac being clothed with 
very short sparsely set hairs, like those of the triangular cle- 
pressicm. As in (f . maxwelli. the glandular tissue could be traced 
not only over the walls of the gland” itself but from the comiiieiice- 
meiit of the anterior web of the hoofs to that of tlie posterior web. 
There was, ho'wever, no secretion in the glands. 

hiy observations on this species agree 'with those maile on 
N*. grimrtii hj Ogilhy, \\ho stated that both inguinal glands and 
pedal glands were present, the latter being siiifill. Owen also 
found inguinal glands in S. grimrai. 

In an odd foot of a Syhicapra closely related to the typical 
S. grirami, and given to me by Mr. Oerrard (text-fig. 94^ A) I 
found pedal glands resembling in all essential points those of the 
legs of the examples identified above as .S', coronata. 


The featuresto be noticed in connection with the cutaneous glands 
of the Ceplia].ophime are the geneinl constancy of the stiaicture of 
the' preorbital gland and of the feet and the minor difiei’eiiees pre- 
sented by each. The preorbital gland is always large, oval, tough 
and india-riibbery in consistency, is situated fai'tlier forwards 
than ill other Antelopes, and has" no valvular invagination of the 
skin connected with it as in Gazelles, Sheep, Diiv-Diks. and others. 
Instead of this it communicates 'with the exterior bv means of 
a series of setiferons pores placed on a naiTOW strip of hare 
iiitegiiiiieiit. It difters, in fact, from that of all other Riiminaiits. 

The'' stnieture of the feet, too, is very uniform. They do not, 
however, clifiei' materially from those of ^fadoqua, as illustrated 
by J/. phiUipsii^ nor from genera of Neotraginm that I have 
examined, namely Oiirdbla and liwpliicerus. Onh" in one little 
point- is ^tliere, within' my experience, a. constant diflerence. 
Whereas in the Madoqiiini'e and N eotraginte the iveb joining the 
heels is covered continuously with long hairs, in tlie Ceplialophinm 
the back of this, area of integument is alwayvS naked for a.- longer 
or shorter distance. 

Another peculiar feature of the Cephalophinm is the , wide 
sepai'-atioii of the inguinal glands, when present, from tlie 
maiiinian. In this particular, however, they resemble some 
Iragemphiiiffi tiiid Ftinihohps. 

In my opinion the absence of the inguinal glands ^ in the foiiiis 


betweeii ■meUnorlmm and was noted 

;aii, the same imtmal by Mr. F. F. Beddard (P. Z. B. 190ib i. p. I81), • ' 
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above identified as maxweUU cequatorialiSj and melwn.orhem^ points 
to tlieir generic separation from those referred to dorsalis^ 


Text-fig. 95, 



Sylvicapra eoronata* 


'A. Iiig’uiiuil regioB of male: penis' j mammsB ; gl.i orifice of gland; 
sc'.i scrotum. 

B. Median vertical section of front foot. 

C. The same of Mad foot. .. 

0*5 orifice of gland ; /i.l, iieel-tie. 

(All fresb specimens.) 
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nuirif/'Oif.s, and corovKda. of wliieli ahfsmma^ is. 1 tliiiik, a snb” 
species, 

Ir is, liioreovei'; iveli known tlu'it the group exenipliiied IjJ 
effi'fHuda diliei'S from tliat exemplified Iw dorsalis in tlie 
ii»e.rice;]j V OiOre iipriglit inclination of the lioms. If genei’ic 
mips jiTriiice be attached to tint cliai/acter, a proceeding desira]}le 
on tlie grounds of the unwie]«'liness of the genus Ceplialoplvus as 
nt present recognised, the geims can be split at all events into 
three gcimra. wliicii may be ddstiiiguished as follows: — 


a. J i:2:iniiai giaiuh nbsent Gif ere/', 

</'. higwrul giuuds presort, eoiisis.tisig- of a pair of deep poucbes, 
rh.-' oriiioes of wliicb are remote from tlie maoiriue. 
h. Hoiae iaelined backwards i»j the plane of the face; ears 

short CVpI/alopJiii/i, 

h\ J,lorii!> iaciined r.pwards and baekv.'ards, t'onuing an obtuse 

soigle iv.'th the plane of the face; ears long S//J neapm , 


Tlie type rrf the genus Guerei, as selected l>y Messrs. Sclater 
and lllionia.s. is max/relU. with which, ceqimtorialis and mekmorkeiis 
must be associated. Tlie type of Cepkalophas is said to be sihn~ 
cuUri.i\ a species in which Owen affirms the existence of iDgiiiiial 
glands. As defined a.bove, the genus also contains dorsalis and 
fipjri/rons. The type of SyGlcapra iismergem, but grhnmi sippears 
to be the oldest name given to the species. 

For tlie clia, meters of Tetraeeros, usually referred to the Geplia- 
lophiiian see p. 921. 

Biibfa.mily . M A i> o q u i x M. 

Genus Madoqua Ogilby. 

(Dik-diks.) 

The avai,lal>!e evidence suggests tiiiit the species of this genus 
possess preorhital and pedal glands, but a.re without inguiiiid 
giancis. In the ea,se of JI, saliiana, both Owen and Ogilby are in 
agreeiiieBt nhout .tlie ].>resenee of preorhital and the al)seuce <of 
inguinal giancis. and Ogilby adds tlmt the pedal glands iire also 
pre,sent. 

M,a.doqua piiiLLiPsii Thomas. (Lort Phillipses Dik~dilv.) 

(Text-fig. 96.) 

Of this species I Jiave exa,mined, in tlie fresh state, one example 
which ag’reed witli the specimens of M. saltiami sqqh by Owen and 
(Jgill)}" ill .liaviiig |>i*eorbita] and pedal glands, but no ingiiirad 
gla,iids. Mr, .lieddaixl also noted the absence of inguinal giands 

(P. Z. S. 1909, i. p. 188). 

Til €c preorhital glands \vere sniali. The ,ori,fice was a small 
r'ertical ci’escentic slit, ■with its concavity looking backwards, 

I bp-e adopt, wit,hoiitpreixidice,Mr..B.C. Wroiigliton’s opiiiion tiiat./S‘. ahyssinim" 
differs frora the .sou't,heni form C„ ffHmnii in the sborfeness of its ears. It is quite 
immaterial to the work in hand whether ahyssmim be specifically or . snbspecifically 
distinct from, since the dose relationship between the twaAs admitted by 

ereryoiicii / , ■ *" 
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situated in tlie middle of a laiked fjva.] patcli of skin, just in iroiit 
of tlie o]‘l>it. The oiiiiee led into a shallow inte^’n men till pocket, 
dippiii_ii' into the suhstariceof the black niideilying ^-laiid. 'Under 
pressure thickish black secretion emdd l^t- s<:|ueezed from tiie 
oiihce. 

Text -fig. 96. 




A. Alediaii vertical section of front foot. 

B. The same of hind foot. 

C. Preorbital gland with orifice distended. 

p. Ditto ditto closed. 

E. Ditto in section. 

The two halves of. the feet W’ere united in the niicldle 
line by two 'webs,'” an anterior and a posterior, the posterior, 
extending as far downwa.rds as the heels aaid: constitti ting ' the 
posterior wall nf the' interdigital space, the anterior being' some 
little distance above the 'proximal margin of the', hoofs, whieh 
were thus capable of much.' greater distension anteriorly than 
posteriorly.' Beneath the anterior web, the' iiitegiiment receded 
obli€|nely backwards and upwards, and 'grirduai,iy passed into the 
anterior wall of ' a, short subcylindrical ■ tube ' running' ; upwards 



ME. il. 1. POCOCK OX THE 


[June 14, 


87 8 

l:)etween tiie plialaiiges. tlie postei*ioi* Wiill of tdiis tube being formed 
Ijm tlie |:iosterior web of integument. In loiigitiidiiial section tlie 
gkiiid liacl tlie nppearaiice of a nari*ow cvlindricnJ tube opening 1)}'' 
a wide orifice into the interdigital space. Tlie tiilie aiid ^ this 
space 'wt‘re alike lined uitli hair, which on the loumr lip of the 
oiifice lornieii a. longish tuft to guide tlie .secretion down between 
the heels of tlie lioofs. The posterior web was eontiiuiously liaii^y 
all along its back and inferioi* edge. 


Genus Dorcoii-iagus .iSToack, 

Doiicotbagijs m'eualotis Meiiges. (Tlie Keira,) 

(Text-iig, b7.) 

Of this rare and aiioiiialous i\.ntelo]>e I have seen only tlie 
dried slvins in tlie British I\,[useTiiii.. Through the kindness of 
3Ir. €)ldfiehi Tboimis I \s‘as enabled to examine the pedal glands 
of one of tliese ; and theii* structure convinces me that Borco- 
imigus is allied to Iladoqva. but adapted to a rnoiiiitainoiis 


Text-lig. 97. 



A, Median vertical section of 'hind foot. 

B. The same of front foot on a slightly larger scale. 

gland; heel-tie ; /i.j heel. 

(Dried specimens.) 

habitat*. The feet have acquired a. ■ superficial resemblance tO' 
those of Goats and Sheep, owing to the shortness of . the nail and 
the 'great development of the sole and heel of the hoofs, the 
latter forming large cushion- like pads. The strong in tegumental 
bridge joins the hoofs ' together just' 'above the heels; and; the 
aiiteiior edge^of this is rai'Sed so as to form an upstanding .lower 
lip to the orifice of the gland. .'Thelatter.is a depressed elongated' 
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poueii, I'ecalling tliat of Madoqua 2 ^^dUiq)siL except that the 
orifice is iiiiicli smaller inconsequence of the ridge-like lower rim. 
This rim seems to be <levek>ped in connection with the vertical 
position of the feet wlien the animal stands, not only iiicreasiiig* the 
size and strength of the interdigital union, but serving to check 
tlie otherwise iiii interrupted downward flow of the secretion from 
the gland by forming a barriei’, above which it a.ceiimiilates. The 
pocket of the gland is somewhat sparsely lined with short hairs ; 
those on the upstanding lower rim of its orifice are longer, serving 
to conduct the secretion outwards, as in Mahoqua, It is noticeable 
tiled ill EluqyMcerus camq)estris and Madoquit ]‘)I(AUipsii the entire 
interdigital iiitegiiinent is covered wfith hair, there being* no naked 
space behind the heel-tie such as is seen in the species of tlepha- 
lopliinse examined by me. The deep depression between the 
penultimate phalanges of the foot into which tiie gland opens 
resembles that of Bheep and Goats. 

On the <lry skin I can find no trace either of preorbital or 
ingiiinal glands, and there apjiears to be a, single pair of teats. 

Messrs. Sclater and Thomas, though apparently not without 
misgivings (* Book of Antelopes,’ iii. pp. 1, 2, 1897), placed this 
Antelope in the subfamily Antilopinag near the Gazelles,” and 
considered as “ superficial ” the resemblance it bears to certain 
iiiemliers of the subfamily Iseotraginse.” It appeal’s to rue, how- 
ever, that its affinities, as attested by the horns, skull, muzzle, and 
coloration, not to mention the apparent absence of inguinal glands 
and the sti’uctiire of the pedal glands, are more Madoqiiine than 
Gazelline. 

Using the feet and preorbitai gland as a basis, these two genera 
may be distiiigiiislied as follows : — 

a. Hoofs more or less elongate, witli iiormsil sole and heels ; heel- 
tie formed by a simple fold of integument ; a preorbital gland 

present 

at Hoofs short, with pad-like soles aiid heels; heel-tie forming a 
double fold, the anterior fold projecting as a ridge constituting 
a kind of lower lip to the orifice of the pedal gland ; no pre- 
orlntai gland 

Subfamily IST E o t e a o i m. 

Genus Raphicerus H. Sm. 

Rapiiicerus C!AMPESteis Thimb. {==Pediotragiis tragidns), 
(The Bteinbok.) (Text-fig. 98.) 

The presence of, preorbital and inguinal glands was recorded by 
Owen ; , and according to Max Weber, 'who cites the species under 
the names Fediotragus tragidus and riifesceAis,' the preorbital 
glands are present in both sexes. 

Of this species I have ■examined two old ■ stuffed '..examples, 
which the Gonimittee of the. Bristol Mnseinn ' and' Art 'Gallery 
kindly, permitted" Mr.' 'Herbert ■ Bolton,,' F.R.S.E., 'R.Z.S,, the 
Ourator, to send to me.' ■ ' 


Madoqua. 


Dorcotraffits. 
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IMeitlier .speciiiieii sl'io’ired uiij tra.ce of iiigTiiiial gluiicls. 
liovrevei*. cuiinot O-e regarded us satisfactory evidence (,>f tlieii 
n’Dseiice. since tlie skins were mounted and <lried. 


Text-fig. 98. 



liapli ieerns ca-mpesiris. 


A, ^^ledian verticjil section of Hiiid foot : gh, petlul gland. 

' , B. The. same of front foot. 

C. Miiftie or rliiriariiim. . ’ ' 

I). Ocular region of female sluaving orifice of preorlntal gland. 

B. Section of the 'same gland. 

Tl'ie preorbital glands were 'placed near the anterior edge of a 
large area of ■ naked 'Skin in front of the eye. ' The.oii'fice formed 
.a small oblique with a' slight sigmoid curvature. This led 
into a scaiitiiy^lmiry pocket, dipping' into, the gland,' which, as in 
Mad{}qua- .'.pMUipsii, formed ' a s'mall, nearly black mass. ' The upper 
uiargin/of ' the orifice' formed a kind of lid, over the pocket. 'The 
gland ' was larger i.ii ' the ^ male , than in the f emal e'. '„ ' ■ ■ 
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The pedal glands were well developed, but different from those 
of Madoquuu On botli front and bind legs they consisted of large 
wide-iiioiitlied deep poiicdies passing up ];)etweeii the ai:ite])eii- 
iiitiinate phalanges of the feet, and opening some distance aljove 
the proximal margin of the hoofs. The anterior wall of each was 
formed l:iy a closely folded web, and the posterior by an eqtmlly 
closely folded posterior web ; but neitbei* of these webs extended 
so far down the foot a.s in Madoqita^ the posterior web of the hind 
foot not nearly reaching the heels, and extending only a, little 
farther than in the Tragulina, and reaching only a little hirtlier 
tliaii the anterior web. This suggests that the heels, as well as 
tlie rest of the hoofs, are capable of very wide sep;iration. On 
tlie front foot, on the contraiy, the posterior web Avas longer, and 
readied almost to the heels, extending consideraljly lower than 
the anterior iveb. Its inferior extremity, moreoi'ei*, was tinned 
sliglitly forivards for a short distance, making a, distinct ridge, 
soiiietliiiig like that of Dorcotragiis. Althougli the Avails of the 
pocket Avere only scantily clothed Avitli liair, the vest of the inter- 
digital space Avas clothed with long hairs, ami the edge of the 
posteidor AAnb forming the posterior lip of the pocket Avas 
furnished Avith long hairs projecting doAviiAA'ards, as in Madoqua 
and Borcotragns, There were tAvo pairs of teats. 

Raphicerus sp. ? or hs esotragus sp. '? 

I am indedited to Mr. Gleriurd for a front and a hind foot without 
supplementary hoofs, and therefore referable probably either to 
Ikt-phicerm or dBesotragiis. These a, re worth describing, because 
they are structurally nearly inteiinediate between the feet of 
Ikifjhiceras ccmq^eMris and of Oiirehia mg^ncaiidata. 

Ill the hind foot the iuterdigital cleft Avas open in front 
throughout nearly the Avhole of its length, being only slightly 
overlapped aboA^'e liy a short angular fohl of iiiteginnent. Its 
posterior aatiII ilescended with a, gi^adual cui*\'ature cloAAUiAA^ards, 
meeting the skin of the back of the pastern considerably nearer 
the heels than in R. cam 2')estris^ and forming a strong thickened 
tie, AA'hich Avas turned slightly fonAmrds. 

The intercligital cleft on the front foot hardly differed from 
that of Ourehia mgricaiiclata^ except that its upper extremity Aims 
overlapped to a greater extent, although, not ,so much as in 
ii. cmnpestris^ by the antero-superior integumental AA^eb. 

Since the hind foot wa-s of a more rusty taAvny hue than , the 
front foot, and measured, half an inch more from the fetlock tO' 
the tip of the hoof, there can be very little doubt that it belonged 
to a different species oi* subspecies, ..possibly to a- ' different . genus, 
of Antelope. Considering the differences the' twm feet, present 
from those of E. campestris^ the evidence is, I' think, iu' favour of 
their belonging ,to. the genera’ or 'Ncsotrag'm^ 'pe,rhaps 
one to and the other to 
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J'oMragiis^ raekmotis Tliunb. (the Grysbok) lia-s, according to 
Owen, preorbital and inguinal glands. Max Weber, lioweYer, saws 
that altlioiigli the preorbital gland Thranengriibe ”) is present 
ill tlie niaie, in the female it is represented by a naked area of 
skill. This stateineiit must be ta,keii with reserve, in my opinion, 
since it does not appear to have been based upon fresh material 
(see under Onrehia ourebi). I have not examined material of this 
species. 

Genus Otteebia Laiirill. 

OuKEBiA OUREBI Zimm. {—scoparia Bchr.). 

(The Gape Oribi.) 

According to Owen, this species lias large preorbital glands and 
inguinal pits, ll'ax Weber, on the contrary, states that, altliougli 
the male has a deep preorbital gland, this organ is apparently 
represented in the female by a naked spot in front of the eyes. 
This observation must, I think, have been made upon a mounted 
specinieri, for I cannot reconcile it with the fact that in the 
female of 0. nigricauclcda described below, and in one of 0. mmi- 
tana, now living in the Gardens, the preorbital gland is well 
developed tiind valvular. 

OUREBIA NIGEICAUDATA Erooke. 

(The Black -tailed Oribi.) (Text-figs. 99, 100.) 

I have seen two young- examples, male and female, of this 
species from Senegainlna, presented by Bir George Denton. The 
preorbital gland was marked externally by a longisli slit running 
downwards from a point close to the anterior angle of the eye. 
This w^as capable of considerable distension, and led into a simple 
poeket-like invagination dipping into a large, oval, black, glandular 
mass. IJiider pressure, the secretion, black a.nd adhesive like 
lamp-black, could be squeezed from two areas maiked by depi-es- 
sioiis, one near the middle, the other upon the upper corner 
of the .gland. Each depression contained several pores, from 
which long coiling threads of the substance exuded. Tiie gland 
and' its orifice ivere relatively longer in the male than in the 
female. 

The so-called glandular patch beneath the ea-r was rather 
scantily ■ clothed with very short hairs. In section the skin 
:was seen to , lie markedly thinner than that of the surrounding 
area, and showmcl no evidence. of specially developed glands. 

There were two -pairs of 'teats. 

■■ The iiigiiinai .glands were represented in the female by a pair of 

^ Tins, g-eiieric, naitte ■ was proposed by ^Thomas and Schwann 'for - the Orysbofc 
(Ahstr. P, Z. S, No. 27, p. ,10, 1906),, ■ because it-.dife from Mupliieems m 
possessing' . sxipplementary 'hoo'ts. _ ¥r. Lydekker’s statement, therefore, that', the 
genus was., based upon M. campestris (the Steinbok), which has no supplementarv 

hoofs,, is, en'O'ncons (‘ The Game Animals of Africa,’ p. 181 ,- 1908 ). , " 
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slialiow depressions, each marked by a tuft of hair arranged in a 
wiiori and situated in the ordinary position near the main hub. In 
the male, however, they were far back alongside the scrotum, a very 
iiiiiisiial position. Each consisted of a short sa.c, with tumid orifice, 
■whence a large tuft of hairs protruded. 


Text-fig. 99 



Oui’chta ntffyieaudata $ . 

A. Head to show oi'ifiee of preorb Ital gbuid (,^A) and nearly naked patch 

below ear. 

B. Pi-eorbital gland with orifice distended. 

C. Section of preorbital gland. 

1). Afediaii vertical section of front foot. (N.B. The hairs within the cleft 
are too long, cjoarse, and clearly dedned.) 


The tuft of haxrs' below the knees covered an area of .thickenecl 
iiitegiinient as in Gazelles. , There were no. special indications of 
giandiilar activity, however, beyond a certain. aiiiouiit' of powdery 
scurf at the base' of the long' hairs.;- . 
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Tlie Dedal present on all four feet, were very like those 

of ("Irtztdles, e 3 :eept that the fold of skin forming the lieel'tie 


Text-%. 100. 



B 



A. Median 3-ertieal section of front foot. 

]'5. Tile same of Bind foot. 

C. Inguinal region; p., penis; ?«., mammaj; sc., scrotum; inguinal 

gland with tuft of hair protruding from the orifice. 

extexideti less to the front, so that the.caxdty of tlio interdifdtal 
.cleft was to a greater extent in communication ,witli the space 



1910.] 


CUTANEOUS SCENT-GLANDS OF IIUMINANTS. 


885 


between tlie lioofs. This was more marked in the male tlia-ii in 
the female, and in the former sex the heel-tie was tliiiiiier and 
less produced in the hind tlian in the front leg. The walls of 
the glandular interdigital depression ’were scantily covered ivitli 
short hairs; but the heel-tie itself was thickly clothed with long 
hairs, largely oveidapping the base of the hoofs on tlieii* iiiner 
aspect. The chief ditfereiice between the feet of this species and 
those oi Raphicertis campestris lies in the fact that tlie interdigital 
<deft is not overlapped above by a long integumentai fold, and 
that the fold of skin along the Ijack of the pastern extends right 
down to the heels, tying them together, and extends furtlier 
forwards towards the anterior edge of the hoofs. From this 
arrangement it comes about that tlie hoofs of Ofi.rebia are inucdi 
less (listensible tlian in liapldceras ; they are also slioi'ter : the 
combination of these two features suggesting that Ourehla 
lialiitiially fre(|iients harder ground. 

The structui'e of the feet in Ourebia^ correlated witli tiiat of 
the preorbital glands and the presence of well-developed tufted 
carpal or knee glands and of a single pair of inguinal glands, 
is strongly suggestive of affinity between tiiat genus ami Qazella. 

By the structure of the feet, Oarehla and Ra-phimnis may 
1)6 distinguished as follows : — 

a. Orifice of glum! alar iiiterdigntal cleft mudi shorter thaa the 
deft itself, which is partial!}' overlapped in front aiidahove 
by a longish integumentai fold or web: posterior web of the 
pastern not reaching the heels, which can thus be widely 

separated 

Orifice of glandular interdigital deft approximately as long 
as the cleft itself, which is not to any appreciable extent 
overlapped above and in front by an integumentai fokd 
posterior web of the pastern reaching the heels, whicli are 
thus capable of being sej)arated only to a very limited 
extent 


Subfamily 0 ii E o T r a g i n .e. 

Genus Oeeotragus H, Bm. 

Oreotragus oreotragus Zimm. (The Klipspringei*.) 

(T.ext-hg. 101, A, B.) 

According to Owen, this species has preorbital glands but no 
inguinal pits. H. Smith, on the contrary, says that inguinal 
glands are present, 

111 afoot of this species, given- to me by Bowland Ward,, which 
had the bones of the pastern cut away, from be,hind-, .but-' with the 
skim of, the inter ungual area' and of the front of the , pastern 
entire, I could find no ■■trace of pedal gland. -.The skin on the 
middle line of the pastern in front, showed no sign, of' .depression. 
Btoppiog short a little above the "proximal margin' of' 'tlie hoof, it 
turned sharply backwards at 'right'' angles: b.et,w6en -The hoofs to 

Piioc. ZooL. Soc.— 1910, No. 'LVIIL ,.,■"■' 58, 
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form the iiiteriuigual web, wliieh in section was shown to be thick 
and iiorny and to meet that of the back of the pastern just above 
the heels. 

Tiiiis the foot of this genus difiers essentially from that of tiie 
genera of Iseotraginaj above described, in that the integument of 
tlie back of the pastern is not folded back upon itself to form tlie 
posterioi* wall of an iiiterdigital cleft or depression. But, as in 


Text-fig. 101. 



c 


A. Anterior new of pa.«:teni ot Oreotmgus oreotragus (? of front or hind foot) 
with hoofs distended. 

B- Median vertical section of the same foot. 

C. Xhe same of front foot of J^antJtoIops Jiodgsoui, 

the' ISTeotragiiife, the interlingual area is covered with long haii-s 
from the front of the pastern .to the back, there, being merely a 
small , ,ti iangular naked -spot at 'the summit of , the iiiteriiiiguai. 
web. In spite of the ’ thickness and strength of this web "the 
iioofs can be widely separated and, as is ivell knovm, their points 
are very broad and truncated, the animal resting upon these 
trimcated extremities instead of on the' heels." . 
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Siibf amity Antilopin^e. 

Genus Gazeula Licbt. (Text-figs. 102, 103,' 104, A-C.) 

According to Owen, the following species of Gazella bare large 
preorbital glands and inguinal pits: — G, dorcm, subguU'U7'0sa, 
bemieMii, ambica, smmmeringii^ raho7\ ruficoll'is^ mffifmiis [ke- 
With these he contrasts and gutturosa as liaTing 
small pi‘eorbital glands. 

Ogiiby states that this genus has distinct and movable preorbital 
glands, very large pedal and inguinal glands, and one pair of 
mammae. 

Hodgson examined clo'rcas and G, hennettiL He correctly 
says of the former that it possesses distinct preorbital glands, 
large pedal glands on all four feet, and large and distinct inguinai 
glands. Of 6^. heivnettii, on the contrary, he asserts that the pre- 
orbital glands are absent, and he consequently erected the genus 
Tragops for its reception. Blanford and others, however, say 
that these glands are present in G, henmttii, an observation quite 
in accord with my own. 

Of the genus Gazella I have examined one or nioi*e specimens 
of the following species : — 

G, he^meUii, Several examples of both sexes, mostly from 
Pershi. 

G. s'uhguttiorosa. One male and one female from Mesliecl. 

G. wtarica. Two males from Central Arabia. 

(r. musoatemis. Several specimens from South Arabia, 

G. dorcas. An adult pair from Egypt. 

G. pelzelni (?). One quite young female from SomalilaiicL 

G. euvieri. One old female from Morocco. 

G, riififrons. One young male from Senegal. 

G. smmmermgiu One skin of an adult male lent by Mr. E. 
Gerrard. 

So constant in structure and occurrence are all the glands that 
a detailed description of them, as exhibited by each species, is 
unnecessary. 

The preorbital gland is valvular. When closed it has the 
form of a vertical slit of black nearly hairless skin extending 
downwards from a point a little in front of the anterior 
corner of the eye. When opened to its fullest extent, it appears 
as a subcircular patch of skin, scantily beset with short haii*s, and 
marked with a shallow central depression, w^hich is, in reality, the 
bottom of the invaginated pocket. The gland itself, when 
extracted from the preorbital pit of the skull, is seen to, consist of 
a black' iiitegumental thickening formed round the invagination. 
In the case of dx. doj^cas I found .that the inner , surface , of the 
pocket had about seven large ' holes, 'from which, under piessure, 

* I infer that rit^from is the species cited. by Owen under the '.na'ine- 
because he gives 'Senegal as ' its locality. ' 

', 58 ^,,, 
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secretion could be squeezed first in tlie form of blac^k waxy tlirea,ds, 
then as. fluid drops, the w^axy consistency being due, I expect, to 
the pores being Ijlocked and inoperative for some little time before 

Text-fig. 102. 





A. Section of preorbital gland of GfazeUa dorcm : o., orifice of gland 

«?., jimscle. 

B. Snperfimt view of tlie same gland flattened. 

C. Superficial view of tbe flattened preorbital gland of G. cu-mcri $ . 

2). Tlie same gland in section.. 


death. Fluid 'drops could 'also be squeezed from the ham-pores 
studding the surface of the integu,ment. The secretion contained 
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ill tlie pocket itself is black and sticky. It may here be riieii" 
tioiiecl that Ogilby long ago (P. Z. 8. 1836, p. 38) described the 
preorbital gland of a Gazelle as being fiirnislied with six excretory 
ducts placed nearly in a circle and with one central duct, from 
the orifices of which there issued Kstrings of a dense ceniiiiiiioiis 
matter. 

The ingiiinal glands are always two in number, consisting of 
deeper or shallower pouches opening by larger or smaller orifices 
situated just externally to the mamnije. The pouclies dip into 
a mass of vascular tissue just above the maiiiiiim. They are 
usuaBy about one inch deep and about as wide inside as deep or a. 
little wider, the integument surrounding the orifice and the mamim-i 
being naked. In a male G. siihgiitturom the orifice was nearly as 
large in diameter as the scrotum ; in G. dorcas and G. mmscciiensis 
it was considerably smaller and the lumen of the pouch was cor- 
respondiiigiy smaller in the two latter than in the former. The 
largest gland of all was found in the female of G. cmneri, in wiiicli 
it was two inches deep and about twice as deep as wide, and as 
wide at the orifice as within. 

The walls of the pocket were, in all cases, sparsely covered with 
slioi't hairs, and the secretion was waxy and drier at tlie orifice 
than at the bottom of the pouch. It has a, very strong odour. 
In G. hennettii and suhguUiirosa it is yellow in colour and smells 
exactly like the urine of the common House M-Ou^e^IIiismusciiUis ) ; 
in 6r. cwvieri the colour is greenish yellow and the sineii a mixture 
of mouse urine and fioui‘-paste. 

In a female of G. dorcas the inguinal gland secretion was pale 
green and resembled in scent a mixture of flour-paste and cheese ; 
the pedal glands had a strong and decided, but peculiar and 
indescribable, smell ; the secretion of the knee glands had a 
repulsive odour of dogs’ dung, while that of the preorbital glands, 
although faint and quite indescribable, w’as not unpleasant. This 
specimen furnished an admirable instance of the fact below alluded 
to, that scents of totally diflerent character may emanate from the 
glands of one and the same individual. This was further borne 
out by a specimen of (?. miiscatensis. in which the green secretion 
of the inguinal glands smelt exactly like cream-cheese, that of the 
knee gland like a Domesticated Sheep, while the pedal glands had 
a. faint and indescriha.ble, but different odour from either. 

It may be noted in passing that the smell of the inguinal 
secretion in specimens of G, hennettii and G. suhgutturosa from 
Persia.- is t,he same as that of Ovis vignei from the same country. 

Although there is t 3 ^piaxlly only a single pair of mammae in 
Gazelles, now and again thei*e are two pairs, indicating,' no . doubt, 
the descent of these animals from quadrimammate' ancestors. 
Similar atavisiii is sometimes seen in Sheep. When there are fcwo' 
pairs in Gazelles, the inguinal gland.s are connected with, the^ po.s- 
terior pair,' showing' that the' anterior' pair .are . supernumerary. ', 

'The pedal glands are, well and, equally developed on all four feet. 
When, the hoofs are together, the orifiee,'!ms' the .form of a narrow 
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slit ciividiDg; the hairs on the front of the pastern. When the hoofs 
are forciblv distended, it appears as a triangular cleft, pointed 


Text-fig. 103. 



A. .Superficial view of ikiiee gland of G-azeMa dorcas. 

B. Longitudinal section of the same. ■ 

C. Transverse section of ingiiinal gland of 6r. ' ' 

,1). Ingninal region of 0. ■: penis ; -m., mamma; sc., scrotum ; 

ffl., orifice of inguinal 'gland, its ■ 'area beneath the skin shown b? dotted 
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Abo'\"e and wide below^ above the base of the hoofs. Ti:ie siiniiiiit 
of tiie cleft is arched over to a small extent by a slight wel:) of 
integiiiiieiit, and the bottom of it is closed by a strong and deep 
web wiiicli passes forwards from the lieeis of tlie hoofs to a point 
nearly on a level with their proximal edge in front. This web 
firmly ties the hoofs together, so that, in a living animal standing 
naturally, tliey never splay apart like those of Slieepi and Goats, 
altlioiigli when it rears up against anything the front hoofs often 
spread to a considerable extent. The vskin forming the interiinguai 
web is folded sliai*ply upon itself in front and passes back to the 
heels ; its inner layer thence passes upwards only a little in front 
of the skin of the back of the pastern, then curves forwards about 
on a level with the Joint between the penultimate and a.iite- 
penultimate phalanges to meet the skin of the front of tiie 
pasteim in the small web described above, thus fonniiig the 
bottom, ba£*k, and top of the long intercligitai cleft, the oi'iliee 
of which is almost as long as the cleft itself. The walls of the 
cleft ai*e only sparsely covei'ed with short haii*s ; and I liju'e 
never detected any signs of secretion either on them or on the 
longer hairs fringing the edges of the orifice or on the tufts 
of still loiigei' bail's overhanging the proximal portion of the 
hoofs in front. 

The interuiigual wel:) is continuously hairy from front to back, 
though tiie bail's often liecome somewhat thinner towards the 
lieels. The latter are well developed, and the hoofs are never 
long, though in these two particulars they are not specialised to 
the same extent as in Goats and Sheep, which stand luther more 
upright than Gazelles. 

Dr. Mui'ie long ago pointed out that tlie knee-tofts of Saiga are 
glandular. Mr. Lydekker made the same suggestion with regard 
to Gazelles (; Field,’ March 14, 1908). This suggestion proves 
to be correct. The hairs are directed downwards, those on each 
side of tliB' middle line usually crossing at the tips, somewhat 
as in the metatarsal gland of the Impala {JEjjyceros ■nielmripm). 
The underlying skin is much thicker than th?it of the rest of the 
leg; but the thickening, accompanied by increase • in size of 
the sebaceous glands, is not abrupt Imt gi'adiial, thinning ■ away 
into the normal skin all round the circumference of the aim. 
The hairs covering the latter, hold a quantity of scurfy seG,retion. 

As a general rule, the knee-glands a.re' covered with long , hairs 
forming a continuous pa,d and not showing, when undisturbed, 
any central longitudinal line; .but in three examples of clawia 
ruficoUis^ now living in the Gardens, the hairs are quite' short and. 
their imvardly 'directed tips do not meet in, the middle ihicy so 
that the median gutter is, -plainly visible. ■ 

According to Hodgson the Tibetan species of Gazelle„kiiown as 
pmtiGcmdat&.haLS nO' - preorbital ■ or ■ inguinal glands and ,. has small' 
pedal .glands on all four feet. If his, account be ' tr'iistwdrtliy, the 
species differs from all the’ true "Gazelles,! have, examined in .the, 
absence of ' the preorbital and' inguinal glands, ' not, to ' uientioii' the 
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seeiriingij sriiallei- size of the pedal glands. Hodgson erected tlie 
genus Procap'm i(yc ^nctieaudata ; and, in view' of tlie constancy in 
oceiirreiiee and development of the eutaii eons glainls in tlie spec'ies 
of Gff-ella I Inave exaiiiined. T a-in disposed to tliiiilc tliat Frociipni 
slioiihl lie adiiiitted as a valid genus, comprising probably, in 
addiitioii to pkiierp?(kd(h gnltwrosa and pirje'^ralskii. 1 do not 
•vvdier.lier these three sjiecies are in actual agreement a,s 
rfa£’\‘ir(ls ciitaneoiis glands; but the}" at least differ from all tlie 
soiitlieiTi species of Gazelles in tlie shortness of the tail. 


Text-fig. 104. 



A. Hmd lacit of Gasella snhgntiKrosct showing slit-like ovrfiee of pedal 

gland (o.|. . . ' ' 

11 Median yerticul sectiou .of front foot of' G. himnctiii : ql,, glandular cleft. i 
■ TV* ; r^i dissected to show ■ the gland in situ. ^ 

. ii. Median vertical section of foot olAntUorms marstipuil£ ' 

The vali^ty of Procapra was rHscussed by Messrs. Sclater and 
ihom.%s Book of Antelopes,’ in. p. 73), and the claims of the 
genus to recognition were dismissed on the grounds that three of 
theeharacteK m which theabore-mentioned species agree (namely. 
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tl'ie al:)sence of l^iiee-txifts. of preoilntal. glaiK'Is, of lioriis 
tlie female) are not absolutely distinctive of tl'ie groii];} ; G . suh- 
gv.UH'ros(u for instance. Las the female hornless and ‘"several 
species besides i the three in question] are without kuee-bnishes. 
wl'iile the antor'{)ital fossre in otliers a.re so shallow as to lie prac- 
tically non-existent.'' In accordance, however, witli the iiiodern 
nioi*e restricted application of ^neric names, it ma.y be «loul:)ted 
wlietlier these reasons will lie rega.rdeil as invalirlating Procapra 
from recognition, especially as the shortness of tlie tail seems to 
be an absolutely distinctive feature of tlie tbree aJjove-iiieiitioned 
species, as coia]')a}*ed witli Clazelles proper. 

Pallas, a.ecor«'ling’ to Gray says that the mxde of G. guttwrom 
has ;i follicle, like tlie musk-ba,g of Moschm, in front of the i>re- 
piiee. Still more interesting is the record by llolgsoii of the 
presence of a I'lrge sinus l.iehind tlie liorris in piciicaifdata. Tliis 
pi‘o])ably lepresents the postcornual gland of Jhqyicapfra. Indeed, 
four of the cliaracters cited liy Hodgson a, s diagnostic of Procapra^ 
namely, the absence of preorhital glands and of inguinal glands, 
the presence of small pedal glands, as compared ^v'ith those of 
Gazdla^ on all foiii* feet, and of n postcornual sinus, ajiply equally 
well to Eitpicapra ; and it may be that in P. pidlcaudata we have 
tlie link between Rupicapra and Gazfdla, Possilih’ also the organi- 
sation of Prompra may tlvrow some light upon tlie true position 
of Eaiga and Piadholops. 


Genus Axtidokoas Sund. 

Axtiboucas marsupialis Zimm. [=zeucko7'e). 

(The Springbuck.) (Text-fig. 104, D.) 

According to Owen, this species, which he appears to quote 
twice, under the names Antilope emhore and pggarga^ has large 
preorbital glands aiid inguinal glands. 

hlo iiiforniatioB as to the glands is contained either in Sclater 
and Thomas's ‘ Book of Antelopes,' or in W. L..>8clater’s volume on 
‘ The Mammals of S. Africa,’ or in, Rowland Ward’s ‘ Great and 
Small Game of Africa.’ 

I have examined three examples of this species, two males and 
a female. The preorbital glands resemble tbose of the Gazelles 
described, alxove, except that the gland itsedf iS' pale yellow instead,, 
of black in colour. When everted and squeezed, the gland, yicdds 
a clear fluid. 

In >spite of what Owen says, -there is no tra,.ce-of , inguinal 
glands. ' 

Pedal glands 'a-re present, on alb four feet and so closely reseinbie 
those of Gazelles as to need no redescription. 

There are no knee glands, the kiiee-tiifts' being absent, as ha-s 
already been recorded by previous describers.,: ', 

** Git. Rii'm.’Maiwm. p-.,S7, 18,v2-., ■ 
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seeinirigiT sirialler sijie of tlie ■|)edal glands. Hodgson erected tlie 
genus Frocaj/ra lov 2 '>Fii€audata : and, in view of tlie constancy in 
occurrence and deve'k.spinent of the evitaiieous glands in the speei<:‘S 
of (fa, I have exandned, I a.rn dis|')e'sed to think that Frocapra' 
shfuiltl be ojliiiitted as a valid genus, comprising probably, in 
addition to pFtirmukita, r/uti-urosa and prmvxdskiL 1. do not 
kisjYr wl'jeti'ier tliese three s|'»ecies are in actual agTeemeiit as 
regYi ids elite neous glands; but they at least differ from all the 
soutlierii species of Gazelles in the -shortness of the tail. 

Text -fig, 104, 



A. Hmii fofrf of Gazella stilcfvMumM slunviiig slit-like orifice of pedai 
^ giaiici (o.f, 

f-' p 'i "f foot of e. hemtettii gl, glandular cleft. 

U foot of h. cnmeri dissected to show the gland i» situ. ■ 

JJ. Median vertical section of foot olAntulohm marsupialis'. 


pile vajiiHty^ of was discussed by Messrs. Sclater and 

Ibomas ( Book of Antelopes,’ iii. p. 73), and the claims of the 
genus to recogiiition were dismissed on the grounds that three of 
the characters in which the above-mentioned species agree {namely, 
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tlse aliseiice of Iviiee-tnftF. of preorl^itai glaii<ls, of horns iii 
the female) are not a.bsolntelj distinctive of the group ; (r. 
gnUHjrjsfi, for iovStanee, has the female hornless and several 
species besides [tlie tlii‘ee in question] are without knee-brushes, 
wldle the aiitorbital fossa? in otl'iers are so shallow as to ];)e ]:>ra,c- 
tieailv noinexistent." In accordance, however, witli the iiioderh 
more i*estricted application of ^neric names, it ma-y be doubted 
wlietlier tliese rea.sons will ]:>e regarded as invalidating Procapm 
from reeognitioiij especially as the shortness of the tail seems to 
1:»e fill al:)solnte]y distinctive feature of tlie thi-ee al>ove-ineiitionfMl 
species, as coni ]3a red witli Gazelles pinper. 

li-^allas. nceoi'ding to Gray says that tlie male of f/. gutturosa 
has ;i follicle, like the miisk-bag of Jfoschifs, in front of the ]n-e~ 
puce. Still more interesting is tlie record by ilotlgsori of tliO 
preseiice of a^ large sinus behind the liorns in pkiicaudaia. This 
probably repi*esents the postcorn nal gland of Eapkapra. Indeed, 
four of the characters cited by Hodgson as diagnostic of Frocapni^ 
njiinely. the absence of pireorbital glands and of inguinal glands, 
tlie presence of small pedal gla.nds, as compared with those of 
Gazella, on all foiii* feet, and of a postcornnal sinus, cipply equally 
well to Tiupficapra ; and it may l)e that in P. pkPicmukita we have 
the link lietween Pvpjieapra and Gazella. Possildy also tlie organi- 
sation of Procapra may throw some liglit upon tlie time position 
of Saiga and Paatholops. 


Genus Antidorcas Sund. 

Antidorcas marsupialis Zimm. {^ euchare ). 

(The Springbuck.) (Text-%. 104, D.) 

According to Owen, this species, which he appears to quote 
twice, under the names Antilope euchore and pi/garga. has large 
preorbital glands and ingnmal glands. 

Ko information as to the glands is contained either in Sclater 
and Thomases ‘ Book of Antelopes,' or in W. L. Sclater’s volume on 
‘ The Mammals of S. Africa,' or in Rowland Ward’s ‘ Great and 
Small 'Game of Africa.’ 

I have examined three examples of this species, two males and 
a female. The pi’eorbital glands resemble those of the Gazelles 
described above,, except that the gland itself is pale yellow, instead 
of black in colour. When everted and squeezed, the gland 3 ields 
a clear fluid. 

In spite^ of wiiat Owen sajm,,' there is no tra,ce of inguinal 
glands. 

Pedal glands are present on 'all four feet and so closely, resemble 
those of Gazelles as to need no redescription. ■ 

There are iio knee glands, 'the knee- tufts being absentj as has 
already been recorded ' W previous 'describers, ' ; ' 

* Cat. Riinu Mainm.,m B.'.'M. 1 >. '187S:, - ■ 
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To coinperK-ate, ns it. were, for tl:ie absence of inguinal ami knee 
ff'iaiids. tlie Springbuck has nn immense dorsal gland, the ^ skin 
mideilviim* the well-known winte dorsal shield Imving liig'lily 
developed' sebaceous glands secreting a yellow sticky siil:>stance 
wliieli stains the bases of the white hairs yellow or forms a scurfy 
Iviiid of powder about their roots, Ko such substance is found 
upon the hairs of the rest of the back ; and the skin of tl:ie area 
in question has a markedly fatty appearance when stripped, its 
colour differentiating it at once from that- of the slioiilders and 
sides of the body. Mr. F. E. Beddard, E.R.S., long ago noticed 
the glandular nature of this patch and di‘ew my attention to it. 


Genus Axtilope Pall. 

Axtilope cEiiTiCAriiA Pall. (The Indian Blaekbuck). 

(Text-fig. 105, A~0.) 

Tiie large size of the preoiintal gland in tliis species lias 
attracted the attention of zoologists finin eai'Iy times. Tlie 
presence of inguinal glands was reco.i*ded Owen in 1836 and 
iiidepeiidentl}^ in the same year by Ogilljy, who stated at the 
same time tliat there are laige pedal glands and only one pair 
of rnaiiiDife. These o].>servation8 were repeated ];)y Hodgson and 
iiave been co]:)ied b}" recent sytstematic authors. 

Through Air. Herbert Bolton, F.B.S.E., F.Z.S., I am indebted 
to the Committee of tlie Bristol Aluseinii; for the stufted skin of a 
inale of this species, and Mr. Gerrard kindly supplied me with ■ 
another. 

Air. 0'ei‘rai*d's specimen had tlie preorbital glands intact and 
by cutting tlieni I was able to see that tliey iliffeiod in no essen- 
tial particulars from, those of Gazelles, except tliat they were very 
iBucli larger, tlie infolding forming ti long deep liair-lined space, 
and the glainlulai* portion being veiy thick a,nd iiale in colour. 
The structure a.iid geiiei'al features of this organ, Iia,veali‘ea^dy lieen 
described by Bennett, Owen, and othei's. 

The orifices of the inguinal glands were clearly sliown <>peui,iig 
close to tlie mauima^, of which there ^Y,as a single pair. 

The ped,al glands wei*e piosent in all foui* feet a:i,id waiie vei'y 
like those of Gazelles. The walls of the iuteicligital cleft were 
furnislied with longer ha-irs ; ' the interungual i,ntegimient was 
much thicker and more horny, forming a stronger tie between, 
the hoofs: its anterior extremity wyis slightly recurved and 
furnished witl,i a somewliat radiating tuft of haii's, tl,ie longest 
of w’hicli overhung the proximal edge of the hoof in front, while 
l}etw,€^ei:i this tuft a,ud the hee.I-tie , the skin was naked. 'There 
was no naked Iiorny pad on the Imees: hut the knee gland was 
developed ,as in Gazelles, the roots of the long hairs I^eiiig pack,ed 
with, scurf-iike secretion. 'A ' ■ 

The iiiiiiiber, position, and structure of t-he' cutaneous gl-aiids 
sliow, close, reIations].np between, the genera Antibpe. ^imd'GazeUa, 
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tlie only difference I can ffiid between tbetwo being tlie thickness, 
smootliiiess, and curvature of the interlingual integiiinent. 


Text-%. 105. 



A. Transverse section of preorbital gland of Antilope cervioapra ^ : 

a, skin extending towards tbe ej^'e ; h, towards tbe nose. 

B. Vertical or longitudinal section of the same gland : n, upper, 5, lower 

extremity. 

C. Median vertical section of front foot of Antilope cermcapra. ^ 

I). Tlie same of bind foot of LitJiocrmims ^mUeri. (Tbe fold in tlie integu- 
ment of tbe wall of tbe gland probably absent in fresli specimen.) 

In a living male specimen of this species tiie seeretioii of the 
inguinal glands smells exactly like ffonr-paste and might be 
described as starchy. The secretion of the preorlntal gland is 
peculiai* and indescribable. I cannot agree, howevei*, with Bennett 
that the odour is urinous^. . , . 

* It is notj I believe, generally known to naturalists and sportsmen,^ tbougb the 
fact is perhaps familiar to some who have paid attention to animals in captivity, 
that tbe adult male of this species undergoes a marked seasonal change of colour. 
During tbe summer months, that is to say,. .from about May to. August, the ■' .coloiu', 
except of the face, is like that of females and young males, namely tawny. In the 
latter part of August or thereabouts, tbe coat begins to darken and gj-adiially but 
rapidly assumes tbe dark hue whence tbe trivial name of the species “Bkckbiick ” 
has l:>een derived. At or about' the beginning of .'May tbe opposite .change rapidly 
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Genus Lithooeanius Kolil. 


Lithocuaxius AVALLEiu Brooke. 

(TIh:* iJereiiook ei* Wallei-’s Gazelle.) (Text-fig. 105, D, p. 895.) 

Nil fre.sU iiuiteviai oi tliis species 1ms been available loi- 

exuiiiiiiatioD. 

Elliot (lescril)es the preorbital gland as a ‘•conspicuous pi‘(.)nii- 
iienee witli a central aperture, from which exiuies a black secretion 
that stains everything it touches in the same Msaythat ink does’ 
Judging fi'oin this description the gituid is better developed tlaiu 
in Gazelles, but tlie colour of the secretion appeal's to he tlie same. 

tin M fore iind a liind foot kindly lent to me by Mr. .Edward 
Gerrard I have found well-developed pedal glands, each con- 
sisting of a large saccular invagination on the front of the 
pastern. Tlie orifice is as large as in Gazelles, and extends up tlie 
pastein as far as tlie joint lietween tlie penultimate a/nd tlie aiite- 
peiuiltiiiiate phalanges. Tiie inferior edge of tlie orifice is formed 
as in Gazelles by the interuiigiial web, which, however, differs from 
tiiat of Gazelles in passing only halfway along the space betwecai 
the iieels and the anterior proximal margin of the hoof. It is 
also much thicker and more horny than in Gazelles ; but, as in the 
lattca*, is folded upon itself to form in tlie same wa.y tlie baelt and 
upper wall of tlie glandular iiiterdigital cleft. In the S])eeimen 
examined, this wall was thrown into folds, suggesting a sac too 
voliimiiioiis for the space containing it. Tlie walls of the gland 
were clothed with ioiigish hairs, all projecting forwards oi‘ do wn - 
wards towards the margins of the orifice, a downwardly directed 
fringe of hairs clothing the edge of the interlingual web. 

The entire pastern is clothed witli very short close-set hair, witli 
a small black tuft over the proximal end of the hoof in front ; a. 
felting of thick close-set hair clothes the integument on the inner 
surface of tlie hoof above the proximal iiiai'giii of the nail and of 
tlie lieels- 

The hoofs are longer than in Gazelles, and capable of greater 
distension, on account of the web being shorter and situated 
somewhat higher above the hoofs. 

Although the pedal glands of this geiins a, re more like those 


takes place, the tir.st sign of it heiiig a gradual lighteiniig along the middle of the 
baek. In August, when the blackening sets hi, it appears first most pronomicedly 
upon the neck, legs, and fore quarters, and gradually spreads backwards. 

For three consecutive yeans 1 have observed this in a specimen in our Gardens. I 
do not know what theory Indian sportsmen hold as to the disappearance of “ Black- 
bneks ' from the herds during the months they are in “uclipse” pelage, to borrow au 
ornithologicfai expression. .But, since most' of them, 4 imagine, believe all tawny 
individuals to he. does or young bucks, they 'must suppose, I conceive, that the ' adiilt 
puctcs iiaye,' separated/ themselves ■ from ■ their companions, an inference clearly not 
jfistihcHi by the facts. " ' 

.‘ Great and Small Gameof Africa/ p. 371, '.1899 (Bo'wland Ward), ■ 
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of the Gazelles above described than they are like tlie glands of 
any other Antelope, they present well-marked differences from 
tlieiii. 

There was a well -developed knee-pad of black and i-eddisli liairs 
miicli longer than those of tlie surrounding skin ami .stuck 
togethei* with plentiful dry secretion. 

On skins of this genus in the British Museum I found two paii's 
of teats, but no evidence of inguinal glands. 

As attested by other characters, this genus is an aberrant type 
most nearly allied to GazeUci ; hut in the structure of the feet it 
seems to be less closely related to Gazellct than is Antilope or 
Antidorcas, 1 do not feel sure, however, that tlie shape of the 
upper Avail of the interdigitai cleft in the example described and 
figured AAms not due to mutilation, since the skin of the pastern had 
been cut away at the back, perhaps thus loosening the connective 
tissue which normally holds the invaginated sac in place. It is 
very desimble that fresh examples of this species l)e examined. 

Excluding Frompm, wdiicli I have not seen, the geneiu liere 
referi*ed to the Antilopiiice may lie distinguished as follows l>y tlie 
.sti'iieture of the feet and by their cutaneous glamls : — 


a. An inniicnse doisul gland extending fixmi the middle of the 
back to the rum}), feet, and preorbital gland ai>proximatel\' 

as in but no inguinal glands Anti cl areas. 

a'. No dorsal ghuuL 

b. Feet witii the folded interlingual web extending only a 
little more than halfway between the heels and the 
proximal edge of the hoof in front ; no inguinal glands ; 

two pairs of mamnue Lithoemuius. 

b'. The folded interlingual integument extending forwards 
nearly to the proximal margin of the hoof in front } a pair 
of inguinal glands; normally a single pair of inamnne. 

c. Interlingual integument thinner, hairy, the interdigitai 

cleft practically naked G-aztlla. 

o'. Interlingual web smooth; interdigitai cleft more hairy... Antilope. 


In addition to the four genera just described, the Antilopiine, 
according to accepted vieAvs, comprises the genera Dorcotraejus.^ 
A'mmodorcas, Saiga^ and jEpi/cero8. 1 do not, Iioav- 

ever, think these can be included in tlie subfamily Avithoiit 
unwarrantably upsetting* its homogeneity. Kinship is possible 
lietAveen A m modorcas and JdpyaeroB on the one haiidand betAA^een 
Biiiga and Fcmtholops on the other, but it does not appear to me 
tliat the tAA'O latter have any close relationship with the tAA'O foiiner; 
it is indeed very far from obAuous AAdiy the genera should be 
associated in the pairs suggested. Pending the demonstration of 
1 ‘elatioriship such as AA'onld ju.stify such a course, I propose to relegate 
Fanikolops, Saigay and. Mpyem^os each to its oavii ■ subfamily end 
to leave xiwmiodorcm iov the present unplaced. In, the'' following 
pages A mnicdarOTa will be found near the OerAueaprime (p. 917), 
It mey be added: hha,t these fo.nr genera, , 'd,iffer' widely, in the, 
sti'uctiire of tl:ie feet from 'those here 'restricted, , to ■ the '■AntiI,op,iiiaN 
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Subfamily S A i g i N /E. 

Genus Saiga Gray. 

Saiga tartarioa Linn. (The Saiga.) 

According to Dr. Murie (P. Z.S. 1870, p. 500) this animal has a 
pair of small 'preorbitai glandular pits ; a pair of carpal or knee 
gkiicls: a pair of shallow inguinal pouches in one specimen 
'exaiiiined, but not in another, a younger example, although the 
secretory area was very evident; and pedal gLands in all four 
feet. These are clescnbed as '-about U inch in depth and 
opening by a narrow constricted aperture at the front and 
upper part of the foot. Although on p. 502 of tliis memoir 
Dr. Murie remarks that these glands " hardly form satisfactory 
grounds for basing afiiiity upon,” it is nevertheless quite 
clear finni his description of the pedal glands that they a-re 
iniicli more like those of a Sheep than of a Gazelle oi* Bla,ck- 
Inick. The description is not sufficiently detailed to permit 
the conclusion that the pedal glands exactly resemble those of 
Oiua ; but it is quite certain that with their narrow constricted 
orifice they bear no similarity to the long interdigital cleft of 
Ga-:^eMa or AntUope. Their structure, in fact, bears out Dr. Murie/s 
opinion that the Saiga may be regarded as an Anteiopine Sheep, 

In any case, it seems evident that the genus is an isolated one. 
I think, therefore, that it should form, provisional!}^ at all events, 
the type of a special subfamily. 

Subfamily Paxtholop iNiE. 

Genus Pantholops Hoclgn. 

Paxtholops hodgsoxi Abel, (The Ohiru.) 

(Text-fig. 101, Oj p. 886.) 

In 1836 Hodgson (P. Z. S. 1836, p. 39) described the inguinal 
glands as " exceedingly large sacs which liang by a long narrow 
neck from the groin.’’ He re-affirmed the saiiie fact in otliei* 
words in his paper in 1847, wffiere he adds that preorb ihd glands 
are absent, but the pedal glands are present and large on all four 
feet. Bianford and Lydekker repeat his observations, without 
alluding to the pendent inguinal glands, while the latter supple- 
meiits his account with Kinioch’s observation that these glands 
penetiate a eonsiderahle distance into the body. 

Hodgson’s statement as to the pendulous nature of the inguinal 
glands is puzzling. It is' hardly likely that they can , be Amliiii- 
tarily eversible, and retractile, and I, can only suppose that he saw 
them hanging as loose sacs on a stripped skin. 

The only material of this species I have been 'able to examine 
fully .was a'moiinted head .and twoTeet, fore and diind, of a 'male 
speciinen, for ■ which my best 'thanks,. are due to Mr. .Edward' 
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Gemii’cl, and a single foot sliown by its colour to be tiiat of ;;t 
female, wliicli was kindiv given to me bv Messrs. Eowland Wai-il, 
Ltd. 

The head enabled me to confirm Hodgson's statement as to 
tlie absence of the preorbital gland, and the feet to refute his 
statement as to the presence of the pedal glands — they are 
al3seiit. The integument along the middle line of the pastern 
forms a very shallow^ depression, Xear the proximal end of the 
hoof in front it turns, backwards at a rounded angle and runs 
almost parallel to tlie inner proximal margin of the nail to the 
lieels. joining them together throughout their length. The 
posterior portion of the heels is well developed and the skin 
which unites them behind is folded sharply upon itself for a 
sliort distance, then turns up to be continuous with tlie skin 
of the back of the, pastern. The back of the pastern and the 
fold in question are tliickly hairy, and the iiiterungiial integu- 
ment or web is covered with long hairs as far down as the point 
where the lieel-tie begins. These hairs are especially long at. the 
l:>ase of the hoof in front, and overhang the anterior edge of 
the nail nearly to its tip. Thus the integiimeiital web which 
ties the hoofs together is as deep and strong as in Cattle (Bos) 
or Elands [Taurotragus)^ and the feet are quite difiereiit from 
those of t^^pical Gazelles, to which Faiitholops is usually held to 
l.)e closely related ; and the hoofs clearly ha.ve nothing like the 
power of extension seen in the feet of Sheep and Goats. 

According to Hodgson, there is only a single pair of niamiine, 
and I only succeeded in finding one jjair in a dried skin of a male 
in the British Museum. I noticed in this skin that the orifice 
of the inguinal gland on each side lies some four or five inches 
away from the teat. On one side the gland was loose or pendent, 
as Hodgson described it ; but on the other it was adherent and 
directed inwards from the orifice as a slightly expanding tube, 
its inner extremity lying close to the teat. This, no doubt, is its 
natural position, judging from the direction of the gland in other 
Bovidte that possess it. 

In 1872 Gray recognised the peculiarities of this genus bv 
placing it in a special family, Pantholopidse. 

Saiga is commonly b eld to be related to perhaps 

coiTectly ; but the relationsliip is not close. Apart from tlie 
well-known differences between them in the structure of the 
skull and nose, they may be distinguished as follows tr— 


a. Pedal glands., apparently ovine, on all four feet; preorbital 
glands present ; inguinal glands small and close to tbe mamnne, 

of wliicli there are two pairs 

a'. No trace of pedal glands; no preorhital glands; inguinal 
glands very large and deep, with orifice remote from the 
mainm*, of which there is a single pair 


Saiga* 


Pantfmlops. 


Ill the characters, here used, however, the ' two genera do. not 
differ from each' other inucli more than.. Oins differs 'from Fseudois^ 
or Capra* 
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Hiibt'iimily E u B A L i x .e. 

(lEirtebeests and Gnus.) 

Ijf tills t)\ven I'eeoi-ds tlie presence of ]>i*eorbitaI glands 

luidi tlie aijsenee of inguinal glands in the following species: — 
iMf/i/ialiscdS- iii-iiatus. BahaUs hoselaphu.^ {-■ Aniilope huhcdis)^ 
B. caama, Gorgon tcmrinus, and ConnocJuRtes gnu, 

Ogiilw, who examined Biihalis boselaphits, which lie quotes as 
B, rdfim'etanicm^ confirms Owen’s statement regarding the aljove- 
giA^en particulars, adding that the pedal glands are large and tliat 
tliere is a single pair of nianuiue. 

Recent systematic wiitei's agree with Ogilliy jis to the number 
ctf Ilia mime ; liiit in spite of his use of the epithets exigal^ 
dldlncti/' in descriliing tlie preorliital glands, these are quite 
(‘oiiimonly, I,>ut eiToneousIy, stated to be small. 

Of Hartelieests lielonging to the genus Buhalis I have seen 
no complete materiid, and have been compelled to rely upon 
soaked feet ami masks usually with the skin only of the preorbital 
gland retained. Of the White- tailed Gnu {Counocliaitex gnu) I 
have seen two freshly dead specimens. I have, however, seen 
living examples of tlie two species of Gnu (G, Umrinus, C. ymi) 
and of two species of Damaliseus {D. pygcmja and id. albifrons, 
the Boivteiiok and Blesbok respectively). 

Genus Bubalis Erisch. 

Bebalis CAAMA F. Guv. (Text-fig. 106.) 

I am indebted to Mr. E.^Gerrard for a mask, containing 
entire preorliital glands, and front and liind feet of this specie.^ 

The preorlital glands were covered with hairs wiiich in the 
individual, examined had a thickened appearance, ou'iiig to the 
coating of brown earthy-looking secretion whicl/ covered tliem 
inclividiiaily. The centre of the area Avas mai*ked liy a distinct 
orifice leading into a, narrow duct aliout half an inch lono- and 
lined with short hair. This duct penetrated about lialf way into 
the large gland AAiiieli rvas about as large as a widiiut. 

Pedal glands were present only on the fore feet, or if present on 
the hind feet tliey attained only a comparatiA^ely sliglit degree of 
development. On tlie fore feet thev^ very closely resembled those 
of Gazelles, consisting of a very large iiiterdigital cavity opening 
by a long orifice on the anterior aspect of tli„e pastern and 
extending iipwanbs , from 'the 'proximal margin of the hoof in 
front. As in Gazelles the tvi^O' hoofs Avere united by a deeii 
interlingual web, Avhiclr extended from the heels to the proximal 
■margin of,, the Imof in front, then folded sharplymver and Avfs 
emitiniied backwards' along its course nearly as "far up as' the 
false hoofs, Aviiere it turned obliqiie.Iy foiuAvards and downm^ 
meeting the ■skin of the front of the pastern at an acute; amde to 
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form the anterior wel) joining the two halves of the pa:Sterii 
together in front. Although essentially of tlie same nature as in 
Gazelles this gland difiered in one or two points. For instance, 
the height or length of the cavity along the back of the pastern 
Avas consideiubly greater than the length of the orifice, owing to 
the cavity being continued farther up the pastern than the edge 
of the anterior upper Aveh. In the second plane, tlie AA^alls of the 
caA’ity Avere clotlied AAutli long blackish hairs Avliicli projected from 
the* orifice, forming only a small tuft over the proximal mai’giii 


Text-fig. 106. 



A. Vortifiil iiiediiiu section of preoihital gland, 
li The suvne of trout foot. 

C. The same of hind foot. 


of the hoof. Lastly, the inter ungual web Avas quite naked .back to 
the heels, and instead of meeting the skin of the ' back , of .the 
pastern a.t right angles met it at an obtuse angle, the' difference 
of inclination being obviously correlated' Avith the .. less upriglit 
position of the foot Avheii standing, 'The long ' hoofs '' of ' the 
Hartebeest being much less ; vertical than the short , hoofs ' of 
the Gazelles. 

In the hind foot there. Avas’only a.shallow depression., 'Just above 
Pboc. Zool.. Boc.-~1910, No. LIX.a . ■ 59 
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tlie Tioofs. the skin of tl'ie iriterniigiial web being folded back foi* 
onlv a r^Iiort distance^ then inclining* obliquelr upwards, forming 
tilt' back wall c>f tlie depression in qiiestiors. This depres.simi on 
the hiud fuot liiiglit be compared to the dlepressioii on trie pasterr:! 
of tiie Chamois, except that its walls were hairy instead of neaii^' 

Sis '05 )ti; . 

0‘i tlie 2 ’eiiiis Bahills I have also exa.miiied the face-slvin and 
part of the gland of 7i. cokei supplied to me liy Eowlii.nd 
Wvi.i'd. Ltd., and by Mr. E. Gerrard. In this species the pi*e- 
orlilial gland has essentially the same structure as in B. c<i(vnia. 

Tlie following species also Imve tiie gland clothed externally 
witi'i a mat or tuft of I'lairs, namely, B. rnajor^ tora^ sv'aijnei, 
lelwd, ami In B. lichtejh<iteini, on the contrary, tlie 

glandular area, is naked as in J)aw (discus, tlie oritlce in tiie dry 
skill being a small slit-like ajierture leading into a, duct. The 
hind fc>ot of B. ilMensfehii is like that of B. caama^ having only 
a slmJIow depression on tlie front of tlie pastern. For the 
material of tlie species, enabling me to establisli tliese (I'ltm I 
•am indebted to E. Geiinrd. 


Genus DAsrALiscus Sel. & Tlios. 

Damalisccs korrigum Ogiiby. Bulisp* .time la Afatsch, 
(Text-fig. 107.) 

I am imiebted to Mr. E. Gerrard for the opportunity of 
exainiiiiiig a complete skin of this Ha.rtebeest. 

The preorbitrl gla.nd itself was cut awa,y, but the orifice was 
rejireseiited by a. sliort elongated apeitiire in tlie middle of a. I)ai*e 
patcl'i of skill, in front of the eye. 

Tiie pedal glands, present oiity on the front feet, resembled 
t,iios.e of Ihdmlis caama in a general way, with the exception tha.t 
tiie iiiterdigita.l pit was much less deep, owing to there being a 
cijnsiilerahle space 'between the integument of the back of tlie 
pastern and that forming the posterior wall of tlie cleft ; .more- 
over, the skin of the front of the pastern, forming tlie upper edge 
of' the oi-ifice, was not folded backw’ards and upwai‘ds upon itself, 
Init descended almost at right angles to form the sliort iippei* wall 
of the iiiterdigital cleft. A fuithei* difference was seen in the 
presence of a vertical fascia Joining the skin of the ba.ck of the 
pastern to that of the interdigital cleft just above the heels. The 
walls of the cle.ft were clothed with long rusty-red hairs, the ends 
of which projected from' the orifice, overhanging the proximal 
end of tlie hoof in front. 

The hind foot' was like that of i?. ' except that the 

tiepression, on the front of the pa-stern just aliove the hoof was 
.shallower. A connecting fascia., corresponding to that of the hind 
foot, was also present, 

■ ,Tiie area, of' the preo'rbital gland on a face-skin o^ BJcorrigimi 
iimig, for, which I' am indebted to Howland 'Ward, Ltd., resembled' 
that (.)£' I). yhneffi in all respects. 
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The area in question is also bane in 2). hvMteri^ albifrons^ and 
pj/garifus. In an adult male of D. alhifrons noAV living in the 
Gardens, the glaaid is usually active and tumid, secreting a 
substance which passes on to the face, staining the edges of the 
white bLaze yellow. The oidfice of the gland is circular and lies 
ill the centre of the smooth glandular swelling. The gland itself, 
which I saw in a dead Blesbok many years ago, wa.s, I clear!}" 
recollect, about as large as a filbert nut, with a, short duct leading 


Text-fig. 107. 



DamciUsctts horrigitni Jimela- 

A. Median vertical section of hind foot. 

B. The same of front foot. 

f,, fascia. 

into it, exactly as in caama. In two young Bonteboks noW' 
living in' the Gardens, the gland is much less prominent than in 
the Blesbok, possibly because the specimens are not yet adult.' ■ 
The above-described ^ specimen of i). korrigimu fimela had no 
inguinal glands ; ' but the hair, on the skin a short distance away 
from the one teat on each side was ■arranged in; a whorl: ■, 

'V59*''' . 




D 


Couiiochmtes ffnu, 

A . ilediaii vertical section of front foot. 

B. The same of liiiid foot. 

C. flection of preorbital g:lund, 

L>. Superficial view of preorbital glaiicl ((//.). 
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The preorbital gland con.sisted of a subcircular patcli of black 
skin, sparsely pitted with setal pores, whence hairs arose. In the 
young male the gland was as large as a hazel-nut, but markedly 
longer than deep. In section it was pink in colour and resembled 
a cyst enveloped in the thickened skin. It was not lodged in 
any depression of the skull, but merely rested on the bone of the 
face. The hairs wliicli appeared upon its surface were seen to be 
rooted deep in the gland and to reach the surface throngh the 
pores above described. No secretion could be squeezed from the 
gland. This was perhaps due to the fact that the animal was 
immature and had been ailing for some time before death. It 
seems proliable that the secretion naturally exudes through the 
setal poi’es. Nevertheless, I have never seen the preoi*bitai gland 
of a living Gnu, either of this species or of G. taurmm, show 
any sign of secretion or even of moisture. I did not cut the 
gland of the adult female, since the specimen was requmed for 
preservation. 

Pedal glands, as in Buhcdis^ are well developed only on the 
front feet and appear to be absent on the hind feet. The 
feet and the glands have essentially the same structure as in 
Buhalis cacima. In the adult female, however, the cavity of 
the gland differed in some interesting particulars from that of 
B, cacmuh above described. The posterior wall of the cavity 
was not folded so closely upon the skin of the interlingual web 
and of the back of the pastern, but ran obliquely upwards and 
backwards, then turned forwards at a right angle, then down- 
wards and forwards at a right angle closely in contact with the 
skill of the front of the pastern, which it joined at the upper end 
of the orifice at a very acute angle, forming a close fold. The 
anterior upper web thus constituted extended nearly as far 
downwards as the edge of the interungual web, leaving a much 
shorter orifice for the gland than in Buhalis camna. In the 
latter the gland was rhomboidal in section, whereas in Q. gimi t 
was suboblong. It was thickly clothed with long hairs, pro- 
jecting like a fringe or tuft from the orifice. The mots of all 
the hairs were covered and stuck together with blackish secretion 
smelling exactly like sour milk or cream-cheese. In the young 
male the cavity of the gland was neaili’ intermediate in shape 
between that of the adult and that of B. camna, tlie slit-like 
orifice being much longer than in the adult owing to the absence 
of the anterior wall, the anterior w'eb or fold stopping short 
much higher up the pastern above the hoofs. In section the 
upper ..portion of. the ca\dty resembled that of B, caama^, while its 
lower portion was like that of the adult Ct gmi. 

0,n 'the hind feet .there was 'only a very ■ shallow ' hair-iined 
depression, recalling tlmt of . 

The front and hind feet of another adiilt^example, kindly given, 
to me by 'Rowland ."Ward, exactly rese'inbied the'.mne 'above 
described. ■ ■ 
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Genus Gorgon Gray. 

Gorgon taueinus Eurcli. 

(Tlie Biiiiclled Gnu or Blue Wildebeest.) 

Living examples of this species liave the preorbitai gland like 
tbat of Comochoites gnu ; and in a dried skin, lent to me by 
Mr. E. Gerrard, I found the front and hind feet constructed 
exactly a.s in that species. One pair of teats only is visible in a 
|)regna,ut female now living in the Gardens. 

Grav long ago placed t.he White-tailed and. the Brindled Gnus 
i,ii distinct; genera ; and it was evidently the opinion of 
Messrs. Sclater and Thomas that there was a great deal to l)e 
said in favour of this view, although they did not give it 
'practical expression in their ‘Book of Antelopes.’ Judged by 
modern standards it appears to me that the well-known dif- 
ferences between the two are quite worthy of generic recognition. 
There can be no evasion of this conclusion if specific value be 
given, as is commonly done, to the differences between tlie 
Brindled and White-bearded Gnus. The White-tailed Gnu is a 
very difierently built animal from the two Just mentioiied. Tlie 
l)ack is not sloped as in the rest of the Bubalinfe, but horizontal, 
and the hind-quarters are markedly elevated on account of the 
prominence of the summits of the iliac bones. Other external 
features separating this species from the Brindled Gnu and from 
its ally, the White-bearded Gnu {G, cdbo-juhatus), sim 'well known, 
.a,nd are i,n' my opinion equivalent to those separating Btihalis 
and Bamalisms. 

IJsing the preoidfftal glands as a basis, the genera, of Bubalinse 
be distinguished as follows : — 

a. Preorbital gland 'marked witli a central orifice leading into a 
liair-liiied tube, wliicb dips into tbe sirbstance of tbe glaiKl. 
h. 'Surface of the preorbital gland naked or nearly so. 

DamaUscns and Bnbalis licMensteiuL 
}/. Surface of the preorbitai gland thickly and iiTiifoiTiily coren^'d 

avitii long hair Buhaik. 

af. Preorbitai g.]and without aiiy central orilice and, tube, its. free 
surface consisting of an area of skin' sparsely covered nith 
hairs ' Cminocluetes and Gorgon., 

Since Lichtenstein’s Hi-irtebeest, hitherto referred to tb,e genus 
Buhidis, is known to depart from the other species of tliat genius 
ill the structui’e of. its horns and also in the nakedness of the 
preorbitai gland, it should perhaps be referred to a, distinct genus. 
In diagnosing the .genera in this table, no use has been'^n'.iade 
of the d'iflereiicevS recorded in the ■structure of tlie pedal glands 
of Vowmehmies gmu camna^ DartiaUscus horrigimn^ 

' stiik.iiig' tlio'ugli they’ be, because they have only been noted in a 
single species of each of the genera. ■ 

. 'The ..structure of the feet and the presence of pedal ' glands 
..only, on those of the 'anterior /pair beai* out' the evidence .from 
other sources that the .Gnus and Hartebeests form a 'iiatur'a 
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group. Moreover, it seems to me that the size and structure of 
the preorbital gland and of the glands in the front feet, coupled 
with the hairiness of the rhinaiiuni and the presence of a single 
pair of inaiiiiiia^, suggest tolerably close kinship between Jjcmm- 
lisciis^ the least-specialised ineinber of the Bubaliiia', and the 
Antilopirne. At all events, I think it may be claimed witli soioe 
assiii'ance that the rela.tionsliip indicated is closei* than that 
between J^pyceros and the Aiitilopiiic'e. 

Subfamily 0 k y g i n m. 

1, prefer to use the term <3rygime for tlie group called, llippo- 
ti'agiiue by most modern authors, because the geneiic imie 
Ilippotragus will soon, pinbably, no longer be admitted as a valiii 
generic designation, being antedated both by Ozatina onid 
Bgoceros. 

Geims Oryx Blainv. 

A(icording to Owen the following species of this gei.uis have 
neither preorlnital nor ingui.nal glands : 0, gazeUa{=^ A. nryx) and 
0. algazel (= d., leucoryx]. 

Ogilby also says that these two species have neither preorl»ital 
nor inguinal glands, but states that the pedal glands are large 
and that there are two pairs of mamime. 

Oryx beisa Biipp. (The Beisa.) 

(Text-fig. 109, C.) 

Ill the dried skin of a young male example of this species, for 
which I am indebted to Mr. Gerrard, I could find no trace of 
preoibitai glands nor of inguinal glands, but two pairs of mamime 
were present. 

Pedal glands, approximately similar in structure, were present 
■on all four feet. They opened by an elongated, somewhat iaiiceo- 
late interdigitai cleft on the front of the pastern just aliove ' the 
hoofs. This cleft led into .a shallow depression, which at its 
deepest part, close to the interungiial . web, pjissed into tlie 
principal part of ■ the gland, which consisted of a moderate-sized 
sac extending for a short distance upwards an;d backwiirds almost 
a.s far as the posterior integument of the pastern. Describing 
the gland another way, it' .might be said to consist of a deep. lmt 
I'ather short interdigitai depression subdivided in. to an anterior 
and posterior part by a lidge of integument projecting fmn its 
upper wall, tlius constricting its lumen. 

The 'fioor and posterior wall of this depression were formed by 
the' closely infolded layer of 'the interungiial web. ' .Its .opposite 
walls were for,oied by the integument of the front of the pa-stern, 
which sloped, obliquely downwards and' forwards to the aforesaid 
ridge, tlie,a' obliquely upwards and backwards'...,': The .entire' inter- 
digital depression ,'on ' both sides ■ of .the constriction ova's clothed 
.'with loiigish.wliite hairs 'clogged" with' secretio,n.. ' "Inferiorly, 'ju,st 
below ' "the. orifice, the haii’S. .wwe "longer and ■, overlapped 'the 
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nroxlnml ecl-e of the noil of l.he lioof. Tlie interungnal Nveb was 

tilielv and iiorny and. as in the Ai:itilopina‘ and Enbalirne, ex- 
tended from the Iieels to a point nea,r the anterior mai-gin of tlie 
hoof before heiiig* closely folded upon itself , and,^ .is in tlie 
Biibirlin;:e, Aniihpp. Ilippotragiis, and the Tragehipliiiae, it was 
Quite sinootli. 

Text-hg. 109. 



c 


A. llediaii vertical section of front toot oi' Addafi' nasn^maeitlatiisi e\, conical 
excrescence with tlie dejiression behind it. 

,B. Anterior view of the same foot ; e., conical exercscf'iicc. 

C, Median vertical seetiozi of hind foot of 0 /vac heisa. 

The hoofs 'were pointed, compressed above, with broad flah heels 
and iat soles. The only difference noted bet'weeii tlie gla'iids of 
the front a;xi'd hind feet was the greater dev elopii 'tent of the 
constricting ridge in those, of. the' hind feet. 

The ill terdigital glands of On/x heisa with their longer cieft- 
like „ orifice occupy a nearly int'emiediate position between tho.se 
of Chi7ielles. and .those' of ' 

Oryx lbucoryx Pail. 

' (The White Oryx 0. of most antliors.) 

, In an old, dried 'skin nf 'a male exa'mple from.. 'the shores of .the 
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Persian Gulf, kindly lent to me by Mr. Gerrard, the pedr.'i 
tlioiig-li imperfect, ha.d a.pparently the same structure tis in 
0. Imsa and bliere was no trace of iiiguinal glands. 

Oryx algazel Oken. 

(The Soudanese Oin'x = 0. leucoryx of most anthoi‘s.) 

Both Owen and Ogilby state that this species has no pre- 
orbital gland. I presume this observation was based upon an 
examination of dried skins or of skulls. It is not, liowever, true ; 
for in the example now living in the Gardens there is quite 
commonly a small patch of secretion sticking the hairs togetliei* 
about an inch in front of the eye. Tins pi‘oves the existence of 
a specialised giaiidnlar area, beneath the hairs ; but prol>a]:>ly the 
gland is not highly developed. 

Genus Hippotragus Suiid, 

According to Owen, the following species of this genus liave 
neither preorbital nor inguinal glands : II. leiicoplima^ equina 
{=barbata). 

The only species of this genus examined by Ogilby was 
H. leitcophcea^ which he refei*red to the genus Or?jx, He agreed 
with Owen that this species has neither inguinal nor preorbital 
glands, but adds that the pedal glands are large and that there 
are two pairs of mammax W. L. Sclater also states that in the 
genus Hvjypotmgus the preoi*l)ital gland is absent and that there 
are two pairs of mammfe. 

Hippotragus xiger Harris. (The Sable Antelope.) 

. (Text-%. 110.) 

In an adult female of this species which died in tlie Gardens I 
found a preorbital gland underlying the white preorbital tuft of 
hair. It was very little differentiated, however, consisting, like 
the knee glands of Gazelles and some Sheep, of thickened vascukr 
integument. The bases of the wdiite hairs were crowded with 
pale yellow grains like scurf, smelling of a mixture of sour milk 
and new-mown hay. 

There were no inguinal glands. 

The pedal glands were well developed on all four feet and 
opened to the exterior by a small subcircular orifice in the, centre 
of a naked' patch of skin' in a. shallow depression 'clo,se to the 
proximal end of .'the hoofs. The gland was a 'large, saC' passing 
obliquely upwards, and backwards and, reaching as fa,r„as the 
posterior integument of the pastern, and with its lower 'wall closely 
applied inf eriorly to th.e interungxial web which was shaipiy folded 
back upon itself, the infolded '.portion const! tilting' the.; wail ,of the 
gland in question. ', The Avails ''of the. 'gland were' .covered-.witii 
short hairs, .becoming longer towatds]the''oiific'e,''of 'the' gland., ' 9 
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The iiiterniignal web of the hoof was smooth from the orifice 
of the gland to the posterior area of the heehs. 

Test-fig. 110. 



C 

Hijjpofi'agns nkjer. 

A, lleiiim vertical section of front foot ; pedal gland; o., its orifice. 

B, Anterior view of front foot ; 0., orifice of gland. 

C, XiOngitndinal section of preorbital gland; ti., ocular end of gland. 

I was able to verify these facts upon a second specimen, a dry 
shill kindly lent to me by Mr. Gerrard. This specimen had two 
pairs of teats, but no trace of inguinal glands was discoverable. 

Hippotragus equixus Is. Geoff. 

(The Roan Aiitelopje.) 

Ill a female speciiaen with two pairs of teats, but no iiigiiiiial 
glands, for the examination of which I aiii intlebted to 
Mr. Geirai'd, I found the pedal glands to be of sii]'')stan.tially 
the same striictiii'e as in If. except that there ivas ti sHglit 

coiistiietioii of the lumen of the gland, caused hj a siiia.ll iii- 
t.egiiiiieiital ridge rising from it.s uppei* w;.ill and pa,i-t]y dividing 
it into an outer and an inner chanibei*, as in 0ry.r beisa. 

Genus Abdax Eaf. 

Aijbax xaso-magulatus Licht. (The Adilax.) 

(Text-fig. 109, A, B, p. 908.) 

According to Owen, ■ this species has neither' preorbital iior 
Jiiga Inal glands. 

I lia,:ve setJii only the front and hind .feet of one ' defid example, 
'a o other niateml being., available. 
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The feet were veij difterent from those of Oryx and Hippo- 
tragus, being low, flat, long-heeled, and broad at tlie point in 
adaptation to a soil of soft saiad. In section, the integument 
of the posterior surface of the pastern was seen to be folded just 
.above the heels like that of Pantholops. From that point it 
passed forwai’ds for some distance parallel with the sole of the 
foot before turning abrupt!}^ upwards towards the front of 
the pasteim. Here it passed into a somewhat conical excrescence 
or eminence, covered with short hair and defined beliiiid and 
laterally ]3y a. seniicircular infolding or depression of tlie skin. 
-Behind this excrescence, the integument of the anterior surface 
of the pastern was coiitiiiiied straight up this area, witlioiit sign 
of insiiiking and was covered with normal longisli liaa'i'S. The 
latter inferiorly encircled the excrescence, which jutted up like 
an island from their midst. I believe the excrescence to be 
glandular. The structure of the twm feet was the same, except 
that the excrescence was smaller on the foot whicli I judged to 
belong to the hind leg. 

Examination of the feet of a very young example now living in 
the Gardens revealed no signs of the excrescence, but there was a 
distinct orifice, representing, I suppose, the infolding of the skin 
defining the excrescence in the adult. This orifice wns in almost 
the same position as the orifice of the gland in Oryx, and its 
glandular nature was attested by the staining yellow of the white 
hairs round it. 

Addax has a marked patch of longer haii'S below the eye 
on. each side of the face. This probably overlies a glaiidula,r 
thickening of the skin, such as is present in IHp-potragiis. I have, 
however, no direct evidence of the fact. 

From the structure of the feet Jiddax would seem to be less 
closely allied to Oryx and Hlppotragus than these two are to one 
another. -But more and better ma.terial of the genus must be 
examined before any .satisfactoiy conclusion a,s to its true 
s^^steniatic position ca,ii he a.rrived at. 


Biibfamily C e r v i c A p r i n Ji:, 

Genus Pelea Gray* 

Pelea 0AP,PiE0LU^s Beclist. (The Yaal Illiebok.) 

(Text-fig. 111.) 

Aeeor<ling to Owen,’ this species; possesses inguinab glands, but 
lias no preorbital glands. 

The absence of pi'eorbitai glands 'has been affirmed ' by 'sul>- 
sequent authors, and correctly so, judging from the one' spednaen 
of this species I have examined., a .female' brought by Dr. Lyster 
Jameson froni/S. Africa, which lived two years in 'The Gardens. 
This specimen, however, had no trace of ;i,nguinal glands, Pedal 
glands were well developed ■on ■■all four feet,' ■„ They opened by a' 
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small circular orifice on the front of the foot in a. sll^il]o^v depression 
lined with long’ hairs. Tlie orifice led into a short liair-lined 
duct which expanded into a capacious Init laterally compressed 
thiii-walied sac reaching almost to the posterior integument 
of the fetlock. The sac tvas filled with semifiuid, pale- coloured, 
evil-smelling secretion, recalling exactly the odour of dog’s dung. 
Close to the orifice in the depression arose a number of long 
hairs OYerliangiiig the base of the hoofs in front, and these were 
stuck together with the secretion, which could be easily scpieezed 
from the gland by pressure applied to the sides of the pastern. 


Text-fig. 111. 



B C 


Felea capi'cohts £ . 

A.^^Mediau vt-itieiil section of hind foot: ///., i^edal ; o., its orifice. 

15 & C. Lateral aiui dorsal vie\vs> of tho nose to show swollen rhiiuu’ium. 

Tile str net lire of the feet .was almost the siime a,s in fjer-vica^wm 
redunea^ tln^ iiiteningiml integument being quite naked,' meeting 
that of tiie l;:5ack of tlie pastern at a. right angle and forining an, 
obtuse' angle with the floor of the depression on tlie front of, the 
fetlo'ekr , Tlnis the integument' or w^eb Joining ■■ the , hoofs 
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together extended from the heels almost up to the proximal end of 
the anterior ridge of the nail. The apical angle of the nail was 
also less acute than in Cerviccqira redmica and Adenota koh. tlie 
lioofs more approaching those of Goats and Sheep in shape — in 
accordance, no doubt, with the mountain hahitat of Pelea. 

A well-known distinguishing feature of Pelea as compared 
with Qervicapra and Kohus is the enlarged and swollen rhinarium, 
which has a, widely rounded posterior border extending back- 
wards beyond the posterior notch of the nostril. This idiiiiarium 
is glandular. In the lixing animal it became studded with drops 
of moisture under the stimulus of excitement or pleasure, and 
aftei* death was easily made by pressure to jdeld tlie same 
substance. 

Like Gerincapra and Kohiis. Pelea lias two pairs of mammau 
Genus Cervicapea Biainv. 

Owen noticed the absence of preorbital and the [jresenee of 
inguinal glnnds in three species of this genus, namely, in 
C. redimea^ tiie Nagor, a Senegambian speeches; in C. arv/adbru/ni, 
which he cpioted Antilope eleotragus \ and in 0 . f idi'orvfalaAA I 
am right in supposing he meant tliis species by A, landdana. tlie 
latter name being, I surmise, written in eri'or for lalandia or 
lalandii. 

1 liave examined only fi*esli material of one species, namely the 
following. 

Cervicapea rebunca Pall. (The Ismgor.) 

(Text-fig. 112.) 

Owen does not state how many inguinal glands he diseovei*ed 
in the species he examined, but in two examples of G. redimca^ 
from Senegambia, presented b}^ Sir George Denton, I found two 
pairs of sacs. The anterior sac on each side was wide-mouthed 
but sliallow, the glandular area into whicli it dippied being only 
slightly vascular. The posterior sac, lying rather nearer the 
middle line and close to the scrotum, was, on the contrary, 
1 1 inches deep, of even width throughout, the orifice being about 
I an inch in diameter and not half the width of the orifice of the 
anterior sac. Its glandular area was very thick and vascular. 
Both pouches secreted a semifluid substance, turning yellow and 
waxy at tlie orifice and giving ofif an odour of fioiir-paste going 
stale, which to me was most nauseous. 

There were no pireorbital glands. 

In one specimen I found no trace of pedal glands ; but in tlie 
other there was a very small hair-lined pioueh opening into the 
shallow hair-lined depression Oil the front of the pastern just 
above the angle formed by the junction of the integument of this 
surface with the strip of naked skin extending from the front to 
the heel of the hoofs and binding the two together. There 
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f.ppeare€l to be no gland connected -witli this pocket, since there 
was no secretion on the hairs projecting from its orifice; hut 
benectli the pocket between the phalanges there was an elongated 
mass of vascular gelatinous tissue extending almost as fa,r up as 
the false hoofs, just such a.s is found in the hoofs of Oxen. The 
fore an<I hind feet were alike, except that the anterior depression 
was soiiituvliat deeper on the hind feet, allowing a slightly widei* 
spreadi to tlie hoofs, and whereas the false hoofs were united by 
tiiiek homy material on the fore feet, those of the hind feet were 
connected by naked skin. 


Text-fig, 112. 



A. Mt'iliaa vertical section of front foot taken a little to one side of the aborted 

srland (ffl .) ; gel., gelatinous interdigital mass. 

B. Tile aborted gland of the same in section. 

C. Median vertical section of hind foot : lettering as in A. 

I). In, guiiial region showing four inamm® (W2.) ; scrotum (sc.) and inguinal 
glands, the anterior pair (;/?,) wide and shallow, the posterior pair behind 
them uari'ow and deep. 

E, Section of inguinal gland of posterior pair. 

E. Side view of nose to show rhinarium. 

■ III both speciineus there were ttvo paix’s of nianimm ; but in 
neither w^as there a hare patch of skin below the ear. The knees 
liad a bare patch of thickened horny skin, which was apparently, 
'however, not glandular. So far as the pedal glands are concerned, 
the' genus Cervicctprci^ as represented by redtmca, stands in the 
same I'elatioii to Felea capreolm . as Capra stands to Ovu ; and 
there 'cannot, I think, be much doubt that the ancestors of 
existing species of Oermmpra are descended from Antelopes with 
pedal 'glands like those of 
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Genus Adexota Gray. 

Adenota kob Erxl. (Euffon s Col>. ) 

(Text-iig. 113.) 

Accordiiig to Owen, tins sj_ieeies lias iiiguinul juts but no 
pr eorbital gl and s . 

Text-fig. 113. 



C 

Adeuoia IoIk 

A. LoDgitiidinal section of preorbitul gland : a, upper or ocukr end; 
h. lower end. 

■B. Inguinal region: jn., mamma? ; sc., scrotum ; orifice of; gland, tlie 
subcutaneous extension of which is shown by the dotted line. 

C. Median vertical section of fi-oiit foot ; ij^eLj.gelatiiiotis interdigitarniass. 

1 have seen two examples of this- species, a siibaduit' 'male from 
Upper Nigeria presented ■bj-Laclj; Cbnstance\Stewart1Eichardson,, 
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an*:! iiii iimiKitui'e female froai Sierra Leone ■[)re.seiited l:>y 
Mr. Tiiiling. 

In the feimile there was a rlistiiict preorbital gland, iirirked 
external It bv tuft of hair claiLer in colour and a little longer 
than, tliab of the surrounding area. Beiieatl.i this tl.ie skin was 
coiLsi^lerably thickened, the thickest part being situated above 
towards the anteiior angle of the eye and tiie thinnest part below, 
where the thickening gradually merged with the normal skin 
of the cheek. In its essential chai-acters this gland resembled 
that of the Sable Antelope above described {p. 910). The male 
was not examined for thiwS character. 

Both specimens iiad two pairs of teats and a single pair of 
inguinal glands representing the posteiior pair found in Cervi- 
copra redunca : but in addition to these tliei*e was upjon the right 
si<le in the female a very minute pocket lying far out a.nd in iid vance 
of the liiauimm. There was no trace of tins on the left side. 
Tlie orifice of tlie large gland 'was subcircular, al^oiit 1 an incli 
in diameter in the male and of an inch in the female ; tlie 
poueli itself "uris capacious, widening corisidera-bly witliin tlie 
orifice and extending for 1 incli in the female and 11 inches in 
tlie male in the direction of the scrotum and mannme. Tlie 
yellow secretion had exactly the same nauseating smell a-s that of 
Cerinccqmi redunca, namely of flour-paste or starch. There were 
no pedal glands and no trace even of the duct. The structure of 
tlie feet was the same as in Cermcapra redunca^ -with the saine 
elongated mass of vascular gelatinous tissue lying between the 
peniiltiiirate phalanges along the inner surface of the skin of the 
liack of the pastern. The skin round tlie false hoofs was naked. 


Genus Kobus Smith. 

IvOBl'S ELLIPSIPRYMXUS Ogilbv, MSFASSA IBipp., a.lld MAllTU;: dray, 
(Water Bucks.) 

According to Owen, Ah has neither preoi’bital 

nor ingiiiruil glands. 

It is on account of tlie alleged absence of tlie inguinal glands 
in this species and their presence in J. Ieoh that llveei) the two 
species under separate generic headings. Troiiessait regards 
them as representing distinct subgeiiera, presumably for other 
reasons.. 

On the skin of the head, of an exainjile of K. defassa, from the 
'Wliite ISTile, lent to me 'by Howland Ward, Ltd.,,"l could flmb no 
trace of a preorl)ital glantl; but I think a gland resernbling that 
of Jdemto koh will probably be. found when freslr material Ts 
exainiried. The fore and hind ; feet ' of Ah mrnAc (Mrs. Qj*;:i,v’s 
Water Buck)," given 'to me by Mr. Gerrard, showed .no trace" of 
j:»edal glands, tlie .feet in section resembling those of A, koh. 

The genera of this subfamily,' sO' far as my obsei‘vati,oBs extend,' 
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.may be disfeiiiguislied as follows, using tlie glands as a basis for 
'.their separation : — 


a. Pedal glands present on ail four feet and opening by a short 
duct with a small circular orifice on the ti’ont of the pastern 
just above the hoofs ; summit of rhiiiarium swollen and 
glandular, and extending back beyond the posterior edge of 

the nostrils; no inguinal glands Felea. 

.a'. Pedal glands represented at most by the duct of the glands 
present in Felea; summit of rhiiiarium nonnal, not ex- 
tending behind the posterior notch of the nostrils. 

5. With two pairs of inguinal glands ; tail bushy as in Felea... Cer'mcaj)7'a. 

¥. Inguinal glands absent or represented bj' a single pair of 
pouches ; tail tufted at the end. 

e. A single pair of inguinal glands Adenoia. 

o', ]!^"o inguinal glands Kolms. 


In their volume on the Mammalia, Flower and Lydekker 
.classified the genera above referred to the CervicapririJB with the 
ISTeotraginfe. The Cervicaprinje, however, difier markedly from the 
d^Teotragiiias, so far as my observations extend, in the structure of 
the feet, since they entirely lack the deep and long interdigital 
■cleft on the front of the pastern found in the hTeotraginje. 

It seems to me that, in looking for the relationships of the 
Cervicaprince on the lines followed in this paper, the following facts 
should not.be ignored. With the exception of the Indian genera 
•of Tragelaphinse, the preorbital gland is absent in that gi‘oup ; 
.and in the Cervicaprinae it is at most represented by an integu- 
mental thickening. In both groups, and in no other subfamilies 
■of BovidiB, two pairs of inguinal pouches have been recorded. 
More significant still is the fact that the structure of the feet, 
whether pedal glands be present or absent, is the same in the 
■Cervicaprinse as in the Tragela.pliinse. Corroborating these 
characters are the presence of two pairs of mammfe and a mode- 
rate or large rhinariiiiai, to which may be added the invariable 
absence of horns in the females of Oervicaprinse and in most 
genera of Tragelaphinse. I do not, however, attach much im-" 
portance to this character, despite the value given to it by some 
writers^.;. , ■ ■ 

At all events, it must, I think, be conceded that the Cervicaprinae 
are more akin to the Tiagelaphinae than they are to the Antilopinae, 
Bubalinae, ISTeotragiiiae, Oephalophinse, or Oryginae, although the 
retention by Pelea^ of pedal glands, somewhat recalling those of 
"the Oryginse, is a fact full of, interest; ■■■ 

: 'The' following ,, genus is- possibly ■ related to the Cervicaprinae, 

•!'(see"p'. 897).",;,. 

Ammodobcas claekei Thos. 

(The Bibatag or Clarke’s Gazelle.) 

The'' only, materials of this genus and species I have seen are 

^ ',W..L,..8clater,,for,.ms.tauce, wkouses it/fts a basis for grouping the B. African 
' irsubfamilics of Bovklae. 

Pkoc. 'Zool.'Soc.— 
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some dried skins in the British Museum. I inadoy however, no 
d issectioiis. Superficially the feet, showed no trace of pedal glands. 
Certainly' there were none such as exist in the Antiiopiiue ; and I 
judged that the feet resembled those of uE^yyceros or Kohus. Also 
there were two pairs of well- developed teats, and I could find no 
evidence of the- existence of inguinal glands. These features, 
coupled with the long “ bovine ” tail and the shape and direction 
of the horns, wdiicli are more Cervicaprine than Gazelliiie, should 
exclude the genus from the AntilopiiiiC. On the other hand, the 
preorbital glands appear to be like those of Gazella^ and the 
iiiiifiie is hairy as in that genus. The skull also is very Gazelline. 

These cross-resemblances make Awmodoreas extremely difficult 
to classify. It has been described as intermediate between 
OazeUa and Litkocrmiius. This is true of the length of the neck, 
the structiii-e of the upper lip, and some characters connected 
with the skull. On the other hand, in the structure of the feet, 
horns, and tail, the genus is less Gazeliine than Lithocrcmms : and 
I am disposed to think that the degi*ee of relationship to Gazella 
that the two exhibit may be fairly gauged by the fact that the 
type-species of Lithocrcmms was referred to Gazella by so high an 
authority as Sir Yictor Brooke, and was for a long time cited 
under that genus ; wdiile the type -species of Ammodorcas was 
originally assigned on equally good authority to the genus Cerm- 
ca^ra. From this it may be inferred that the kinship between 
Lithocmnms and Gazella is tolerably obvious and that betyreen 
A and by^n^ 

Subfamily Jilp yce rin.e. 

Genus .iFpvcERos Sund. 

, ^^Bp'YCEEOS melampus Liciit. -(The Impala or Pallah.) 

(Text-figs. 114, 115.) 

According to Owen, this species has large preorbital glands and 
inguinal glands as , well. All recent authors, however, are in 
agi*eemeiit that there are no pi'eorhital glands, and I could fi.nd no 
trace of them on any of the dried skins in the collection of the 
British Museum. ' . 

I am indebted to,, Messrs. Eowland Ward, Ltd., and to Mr, E. 
Gerrard for the opportunity, of examining and cutting open the 
hind feet'of two specimens, and of .. 'thus .being able to establish 
the absence of pedal .glands on these limbs ; and, so far ns I' can 
.Judge, from looking at the fore feet of ,skiiis in the British Museum/ 
they 'are equally absent in the: front Tegs, 'the feet, of which seem 
,tO' be „constriicted exactly, like ■those of .the posterior pair except,' 
for 'the absence ,, of .the twO’'m.etatarsal glands, "'well , known .aimi 
often',' recox-ded' as present on '.’.each'' hind leg, ' ; ■ 

' ;, , 0,f:.:these 'gknd,s W. L. .Bclafeer says':.' attached t o'. the' lower ..ends' 
of, the ,„can'ii.on-bones of' the hind'.legs is a' brush of .'Very "dark, .brown 
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liairs suiTOiiiidiug tlie opening of a peculiar gland contaiiiing a, 
f.atfcy secretion.” This is not quite an accurate description of the 
glaridSj according to iny observations. The long blackish hairs 
marking each gland form a subelliptical elongated mat. The hairs 
point downwards, but those on each side of the middle line of the 
mat are inclined in wards,, meeting at their tips and marking a 
central streak. When these converging hairs are pulled on one 
side it ma}" be seen that they overlap axi elongated area of naked 
skin, broadest across the middle, pointed above and below, and 
more than twice as long as wdde. This naked area was covered, 
in the specimen examined, with secretion and the skin composing 


Text-fig. 114. 




A. Median vertk*al section of hind foot. 

B. Hind foot to show the mat of hairs (^Z.) marking one of the metatarsal 

glands and the tuft (if) representing the false hoofs. 


it %vas shown in section to he exceedingly thin.^ The. skin"' sur- 
rounding it was, however, markedly thickened, especially exter- 
nally,' where; it iormed a distinct- upstanding ridge. , It was upon. 
This- '/thickened skin that -the'-long. ..hairs forming the mat grew 
andy since the bases of these hairs were clogged with secretion^ 
I infer that the thickened rim of skin is the secreting area of the 
gland and that the depressed naked area constitutes the floor of a 
kind of reservoir for the secretion, which is conducted down-wards 
by the downward-growing long hairs. 

- '/ The area of the false hoofs, which 'are themselves absent, is 

60 “^ ’ 



920 


MB. B. I. POGOCK ON THE 


[June 14, 


covered with a thick mat of longish mostly black hairs directed 
backwards and upwards. The skin beneahh this mat was thick 
and horny, but I could not find any evidence either upon the hairs 
or in the skin of special glandular development. 


Text-fig. 115. 



' A. One of tlio Eietatarsai glands. wit1i''the' hairs midistiirbech 
, :B,"'The same with the' hairs .puH'ed'-' aside 'to- show the area.of naked skin ■ 

■ ' ■ h^neath.''; ■ ^ . v-'' t ■ . . 

' , -G. Ijongitudinal sw'tion of the.gland,’: upper, h, its.lo.wer .end,'' ' 

: I).: Transverse section of the same.; e, its external,, f',' its internal .edge. ' ' 

The feet themselves' were constructed ^ in,tHeTiugelaphin$'And'; 
most Cervicapringe, except that the whole iiiterungual integument, 
forming the web, w'as covered with short hairs from front to back 
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Aitliougli Gray long ago made the genus ^Epyceros tlie type of 
a special it ]ia,s of late years found a place amongst tlie 

Aiitilopinaa Apai't, however, from the hairiness of the rhinariiim 
and of the iiiternngiial integument of the feet, it has very few 
Antilopine ” features, in the strict sense of the Avord. This 
latter feature, moreover, is a,s much Neotragine as Antilopine. 
Ill other respects, the feet may be descrilied as Tragelaphiiie or 
CJervieapriiie, except for the disappearance of tlie false hoofs and 
the presence, of tlie metatarsal glandular mats of The horns 

moreover, are as much Ceiudcaprine as Antilopine in elmra-cter, 
a.iid the absence of the preorbitai gland is another feature ex- 
cluding the genus from the Antilopin^e. 

Hence, taking into consideration the sum total, of its characters, 
the peculiarities of jEjyyceros seem to me to be best expressed by 
setting it in a sulifainily apart from all others. 


Subfamily Te agelaphin je. 

Genus TeteacePlOS Leach, 

Tetraceros quadricornis Blainv. 

(The Four-horned Antelope.) 

(Text-figs. 116, A, B; 117, 118, 119, A, B, 0.) 

Hodgson descriljed the preorbitai glands of the genus Tetraceros. 
as linear and longitudinal, and stated that inguinal glands are 
absent and pedal glands absent or jiresent only on the hind feet. 
Blaiiford repeated this account with the additional information 
that the pedal glands are confined to the hind feet. 

I have seen three examples of this species, a still-born young 
one and an adult male and female. In all the preorbitai gland 
was well developed and valvular, eonsisting of <a longitudinal 
pocket, the upper rim of which was produced into a large OAmr- 
lapping flap, forming a longitudinal slit where its free margin 
came into contact Avith,. the skin beloAvut, WhenThe flap Avas 
lifted a' '"blackish "nearly naked; area A\^as- exposed ■; . the posterior' or 
; ocular end ,of this area VAns- the., deepest portion' of the invagina- 
tiO'ii, which from that point forwards beca,.me gradually 'shallO'Aver. 
The gknii itself was' thick, and ' pale in colour. In the' adult male 
it AA^as, iiiiich larger than in the. .adult ,female, and in the su,nimer 
■diseliaiged E' 'quantity, nf soft' chee'sy-yeiloAv secretion. The odour 
of this was not noted after death, the specimen having been pre- 
served in alcohol ; hut in the fresh female specimen the drops of 
clear' fluid, that Avere squeezed 'from. the gland had ,a faint aromatic 
scent.' . 

' 'There '.AA^ere tAvo pairs of teats^' but no. trace of .'inguinal glands. 

The ' feet ,,'Avere; constructed'' aS' in thB . gemts..:TrageiaphuSj the 
hoofs being short and hut little distensible, OAAung to the extension 
of the interungual integument from the heels forwards for some 
.'distance" before' curving backAvards to Join that of the front of the 
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pastern, merely a sliallow depression being formed.^ There was 
no trace of any folding of the integument constituting an inter- 
<ligital eleft: or gland such as is seen in the Ceplialophirue, Antn 
lopiii&y find XeotragiiiJe. The interuugual skin, moreover, was 


Text-%. 116. 



C 


, ■ , A. Head of Tetraceros' (iimdricorms ^ i orifice of gland {gD area of ' gland 
' represented b.y dotted line. ' 

B. Transvyrse section Alarongli. the" gland; -o, its, orifice pi, fiap of skin 
constituting, its npper lid. , 

' C. Inguinal rngion. -ot Tragelaphis scriptus scriptm $ i ni,, mamm© ; sc.^ 

,, scrotum A??., orifice- of, gland; the ■suheutaneous extension of the gland 
,, , '-.shown .by, a dotted -line.-, , 

'B-akeci: ' .In the- male there was a ■ SB,iall .accumulation of aBaterial 
.o,n, the 'hairs in tlie:shallow clepre-ssioiinf the'fro'nt of .'the 'pastern 
]iist. a,bov'e -the''sinooth,,:area of ..the ''iiiterungual integumeht ; hut '' 
there was no. evidence 'that- 'this''was' an odo.roLis -.secretion, ' '.'.In' the^^ 
adult female-,',a-,m.u-€di' older. animal,. however, -' there' waS:.,.on all four 
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feet a large black horny excrescence occupying the same position 
and large enough to he visible without separation of the hoofs. 
The skill from which this excrescence arose was thrown into a 
rniiltitiide of columnar folds. Since I have seen no such excre- 
scence on the feet of any other specimen of this Antelope, I must 
regard its development in this example as abnormal, perhaps 
pathological. 

Text-hg. 117. 



One of the most interesting features connected with this genus 
is the presence of a pair of well-developed glands between the 
false hoofs of the hind legs. In both the male and the female 
the false hoofs were large and the skin between them was black, 
tumid, horny, hut soft and naked, except for a longish fringe along 
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tlie middle line. ' "Wlien squeezed a yellowish buttery substance 
witli a strong sour odour exuded from a pair of smallish apertures., 
one on each side close to the middle line, so that the hairs became 
clogged with it. This aperture led into a voluminous me, very 
scaiitil}" clothed wutli short pale hairs, the two sacs being separated 
by narrow partition and occupying otherwise the whole area^ 
bkweeii the two false hoofs. Each was filled with the odoious siilv 
stance a.hove-iiieiitioiied, wdiich, in the male at least, presented a, 
concentrically stratified arrangement and was greenish in colour. 


Text-fig. 118. 



c 


Te£racei*os quadricornis ^ . 

A. lixfe.'ior view of iaiid foot ;fh., false lioof with its inuer half and the adjacent 
,, shin cut away to show the glandular-naass'(s.), , . 

B. Front view of the same foot showing the large horny accretion {<3,). ' 

C. The same in median vertical section, ' . ■ ■ ’ 

" ' , This is ■ the only Antelope known, to me which possesses, such 
glands," ,W,hether these sacs "'are 'the glands that Hodgson men- 
.tionecins sometimes present'' in’ ’the Aind feet or.not.I cannot say „ 
Iir'any case, it is quite evident’ that.'tthey'have.no sort of con- 
nection,' except'. ’.a' functional one, with the, interdigital glands of 
other Bovidse, 
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A. Aledian vertical section of liiiid ■ foot of Tetraceros ^tmdrieornis 

tendon A, small iioniy .accretion' at' anterior 'enti of , internngaal,, ; 
y, fringe of Bair between false hoofs; a, secretion within the sac shown 
by cutting awa.Y the partition between the two glands. 

B. Transverse section of the pastern of T. quadrkoniis <?, through the false 

hoofs i ifj tendon : Cj glandular sac with arrow marking the orifice; 
hoof ; fringe of hair between the glandular areas of the false hoofs, with 
the partition above it ; s, secretion within the other sac, the orifice of which 
is not. seen. 

C. Inferior view of hind foot of T. qimdricornw $ : a, fake hoof; 5, horny 

but soft integument forming lower wall of gland ; o, orifice of gland. 

I). Tra'iisverse section through the region of the false hoofs of Tragelaphm 
Iscriptus" for comparison with B : i, tendon; a, false hoof. 
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Tetraceros h iisriallv regarded as belonging to tlie Ce^plialopliiiife. 
Ido not think, however, that the evidence for this relationship 
is strong. . Tetraceros and Cephaloplim ditier widely in the stiaic- 
tiire of the feet and of the preorbital glands ; but Tetraceros 
approaches Boselaphus in these particiila.rs. The pi-eseiice of 
four niamiiiie, the absence of inguinal glands, and the size of 
the niiitSe may also be cited as corroborative evidence of this 
relationship. Most suggestive, too, is the presence of white patches 
on the pasterns, and sonietimes at all events of two white specks 
on the cheeks in Tetraceros. \Yheri I noticed these marks in the 
living animal, before a dead one was available for examination, 
I felt sure that the affinities of the genus would pi'ove to be with 
the Tragelapliiiies, a group in which these markings aie extra- 
ordinarily persistent. I subsequently found that Sir Harry 
Johnston^' ' had noticed the same colour-features in Tetraceros, 
and pointed out tlie resemblance the genus presents to the Trage- 
laphines in those particulars. It is true that the horns of Tetra- 
ceros htive no anterior crest or keel ; nevertheless, they are more 
like the liorns of BosekipJms than the latter are like the spii*aliy 
twisted horns of the African Tragelaphines. 

Genus Boselaphus Blainv, 

Boselaphus TRAGOCAMELUS Pall. , {^he Nylghaie.) 

(Text-figs. 120,121.) 

, According, to Owen, this species' hasMngiiinal glands ; Ogilby, 
on the contrary, says they, are absent'. The two authors agree, 
however, as to the presence of preorbital glands.; and Ogilby adds 
that there are distinct pedal or interdigital glands. Blanford 
supports Ogiiby’s statements. 

^ Turner described "t the preorbitai gland as a slight pit imme- 
diately in front of the orbit wuth a small longitudinal fold of skin 
in front of it. , In the middle of this fold (or dap) of skin '' there 
is , a-' small round pore, through which exudes a vellowdsh secretion 
.furnished by agdand placed j'ust .underneath. ‘ The gland itself 
is slightly larger than .a hazel-nut and. 'is laid upon the surface of 
the, bone without any fossa to receive it.'” 

Ill an adult female example kindly sent . to me by the Duke of 
■Bedford,' K.G., I found the' preorbitai gland marked externally 
by, 'a 'short" longitudinal slit. ..some .distance 'in front of the eye, tiie 
area round the slit and between it and the corner of the eye being 
.practically naked. 'When opened, this slit was' seen to be .the 
orifi'ce' , of ' sliailow elliptical ■ depression ■ .containing ' ■some ■■■dried 
.'waxy .secretion. ' IsTear . tlie .centre ■of ■ the. depression, vjirying 
■.injw'sitioii on the two sides, 'was .a'''Cohspicuous circular hair-follicle .' 
with::. a . hair, protruding ' from .it, ■■^ There, were 'also one or^ two 

* ‘ Iiiberii,’ ii. p. 738, 1906. 
t p.z.s.i8s,i,-p. lie: 
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additional but smaller liaii'-foliicles, also varying in position, 
.From ' tliese follicles yellow waxy secretion could be squeezed : 
but I could detect no special odour about tlie secretion. A.s 
described by Turner, tlie underlying glandular mass was of large 
size and elongated, but lieart-shaped in transverse section. Its 
colour was yellowish. 

There were two pairs of teats, but no trace of inguinal glands 
could be detected. 

Text-hg. 1*20. 


/ 



D C 


BoselapTius tragoeamehis 

A. Fortion of the face showing the eye and the orifice of the preorhital 
, glaBd {gl.y . y , ■ ■ ■ 

B. Preorhital gland with the lid raised showing two large hair follicles. 

C. Section of the gland passing through the larger hairiblHcle showing the'' 

protruding bristle. 

D. ' 'Ehinariurn. ' „ ■ ■ 


The ' feet' were constiaictecl' exactly . as ' in other Tragelaphin^se, 
the 'interuiiguab integument, being .smooth, from, 'the .'.heels'^ .for- 
wards towards, .the ^ proximal edge of 'the nail ■ in 'front," then 
.inclined .obliquely upwards. 'to meet that of the anterior surface 
■of the pastern, leaving a"’-small smooth triangular area, at ', tho' 
bottom of the pastern in front just above the hoofs. Between 
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tlie phalanges of the pastern was the gelatinous mass of tissue 
found ill Taurofragiis, Bos, and Kohus. In coiiiiection with the 
relationship liere claimed betw^een Boselaphus and Tetraceros, it 
■was espeeialiy interesting to note that the skin between the false 
hoofs of the hind feet was wdiite, thick, and highly glandular, 
the ru'iirs being packed vritli secretioii, smelling like the fat of 
ti'illow candles, 

,Text-%. 12L 



A. Median vertical' section of kind foot ; aeL* gelatinous mass between the 

.phalanges, , , 

B. The same of the front foot. ' ; 


'TiiiS' Specimen 'proves that Owen’s shitement ' about tlie inguinal 
glands 'and Ggilby’s statement,' : 'apparently copied by Blaiiford, 
al)oiit' the pedal gla'nds 'are 'alike'- eiToneous.- .It 'further shows 
.-that the prevalent view' as. to the kinship 'hetweeii Boselaphiis and. 
the'' A.frican 'Tragelaphines' 'is".coiTe'ct,:.", and- affords-: no 'Support, 
whatever' to -the, s'ugg-e-stion' found in ,Ma-x' 'Weber’s Saugetbiere,’-' 
pp, -, 07 5-07 0,- that Boselaphus •' probably belongs ‘ to 'the'' 'Biibalin^ 
an{i,n'Ot to,-,t-he -'Tragelaphime.".. r- -f ''' 
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Genus Tragelaphtjs Blainv, 

Tragelaphus scriptus and its subspecies. 

(Text-figs. 116, G, p. 922, & 122, 0, D.) 

Owen records tlie absence of preorbital and the presence of 
inguinal glands in specimens of the genus he identified ^ABAntih'pe 
script€i and J. sylvatica, W. L. Sclater, lio^vever, sajs that the 
preorbit'al gland is ‘‘ present, but small and with a verj' small 
aperture, ’’ in the genus Tragelaphiis, with which Lmimiragus wns 
included. 

Text-fig. 122, 



:A. Anterior as]>ect of foot of yonn^ specimen of Taumtragus orgx, 

B. Median vertical section of foot (? front or hind) of adult female of Tanro- 

'' ''' ory-3E?' (dried). 

C. Median vertical section of front foot of Tragelaphm scriphts ? roualeyni : 

gelatinous mass hetween the phalanges (dried). 

1). Inguinal region of female foetal example of Tragelaplnts itcriptns (subsp. ?) 
from Bnyoro ; gL, the two inguinal pouches j inammiB, 

'■ -The'^onlj' :entire.Rpecim0n.;''of-;;tMs^;genus,tliat:/;T':;fi^^ 

■was a female foetal example, of which I do not know the subspecies,' 
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from Unjoro in T^gaiida, which was j^reservecl in spirit and hiiidly 
given to me by Dr. Outliberfc Christy. F.Z.B. It had no preorbital 
glands, but two pairs of well-developed inguinal glands resembling 
those of CJervkapra redimca^ the pockets of the anterior pair being 
shallow but wi.de-mouthech and those of the posterior pair deeper 
with circular orifice somewhat less in diameter than the diameter 
of the ].;>ocket itself. Between the orifices of tlieingiiiiia] pockets 
ivere tlie twT) pairs of teats. The early development of .the iii- 
giiiiial glands is a fact of considerable interest. 

Tiiere was no trace of pedal glands and only a very shallo^v a.nd 
short depression on the anterior surface of the fetlock close to the 
base of tlie hoofs. The interungiial area was naked as in Tcmro- 
imgtis, and the wel) w'as deep, extending from near the proximal 
end of the front of the hoof to the heels. 

I have also examined the head, feet, and skin of the inguinal 
region of a young male of T. scri^ytus scriptus from French 
GuiiiefJ., presented to the Society hy Mr. Fenwick Owen. This 
iiiateriai was preserved in alcohol. The feet were constructed as 
above described, and there was no preorbital gland. There were 
two pairs of teats, but only a single pair of inguinal glands, each 
consisting of a pouch about an inch deep opening by an orifice 
some distance away from, and in front of, the mamnne of the 
anterior pair (text-fig, 116, 0, p. 922). I think it probable that 
these glands correspond to the deep posterior pair, and not to 
the shallow^ anterior pair observed in the foetal example above 
described, . 

I also received from Mr. E. Gerrard the dried front and hind 
feet of a Biishbiick, pinbably belonging to 5^. roimle?jm\ 

which also had no trace of pedal glands; but in which I was able 
to discover the shrivelled remains of the vascular gelatinous 
(fatty) mass lying aIon.g the back of the pastern between the true 
and false hoofs, which has- been -already described in €er-vicapra 
redunm and Ademta kob, 

Teagelaphus angasii Angas. 

(The Inyala.) 

Of .this species I received from' Messrs. Rowland Ward, Ltd., 
■a' single dried foot of a -male, which difiex'ed in no important 
'respects from-'theAoot of, T, scidpius, except that .the naked, 
shallow' depression 'at. the base of the hoofs' on- the front of the 
pastern was obliterated and. the hoofs- themselves ''were sliorter 
.with' higher ' heels, . suggesting ..the '-habit of walking on . firme.r 
"groimd... . v',- 

Genus Limxoteagus ScL & Poc. 

,. LmxoTRA-G'ns aBATU's "Scl. " '- 

As stated -above, 'W.::..L,- Sckter:''-says the p'reorbitah gland- 'Is 
present in the southern' I’ace -of' L. gratim,^ 

mhmi Eoths., the true Sitatunga; 
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I iiave examined no dead examples of tdiis genus in a fresli 
state, but examples of the typical L. gmius and of L. gratus 
selousi living in the Gardens show no trace of a preorijitai glaial, 
nor of pedal glands, the widely splayed lioofs making observation 
of the absence of the pedal glands coinparativel}’ easy. The feet 
appear to resemble those of Tragelaphus. a.part from the length of 
the hoofs and the nakedness of the back of the pasterns. Max 
Weber (Die Sang. p. 35, fig. 31, 1904) has figured the inguinal 
region of a male and female of L, grains, showing the presence 
of four mamm£e and of a single pair of small, almovst- aborted 
inguinal sacs, with orifices remote from and well in advance of 
the anterior mamm^. These obviously represent the largei* 
inguinal sacs seen in the specimen of T^xigela-phus scr ipUiS 
above desciibed. It may further be noted that the glands as 
figured by Weber closely resemble in size and position the single 
minute inguinal sac seen on one side in the young example 
of Adenota hob (p. 916) : both are suggestive of a larger sac in 
process of suppression. 

Genus Strepsiceros H. Sm. 

Strepsioeros strepsiceros Pali. 

(The Greater Kudu.) 

According to Owen, this species has inguinal pits hut no pre- 
orbital gland. Ogilby agrees with Owen as regards the absence 
of preorbitai glands and the presence of inguinal glands, and adds 
that pedal glands are also absent. He also records the presence 
of four niammee. W. L. Sclater, however, says that the preorbitai 
gland and its orifice are small. I have examined no example of this 
species, but the available data suggest that Strepsiceros resembles 
2VageIaphus or Lvmnotragus in the matter of cutaneous glands, 
as it is well known to do in most other structural characters, 
apart from the slight difference exhibited in the structure of 
the horns. It is impossible, however, to guess whether this genus 
has inguinal glands like those of the fmtal tT. scriptm (subsp. ?) 
or'tiieyoimg T, s.:script'its^ .'described above, or' like those oi'Zimm-' 
tragus grains 'figured by. Max W eber I suspect, lio'wever,, tliat they 
will prove to, resemble; in size and number those of T. 's^.'ScriptusA- 

Genus BoocERCus, Thos. 

BoOOERCUS EURTCEROS'O'gilby 
(The Bongo.) 

. 'In an old .skin.' of .this species which. Mr. ;Gerrard allowed me to. 
exam,iiie, 1 '.found the' .feet to be constructed aS; in Zmurotragus, there 
.■ 'being ' no trace of' glands ■'and.’,.'the---interungu'al', web being naked 
tlirougbout its extent. I could detect no trace of inguinal glands, 
.but fo'und two pairs of,-.teats*;-(y-t);;A:'‘ y; 

' '■'The', apparent absence of inguinal glands in this genus and in 
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Tiinrotragiis and their presence in' Tragelapkus aiid.^as is alleged, 
ill Streps icefos are quite in accordance with tlie view that Boo- 
cercus and Tmirotragus are more nearl}" allied to one another 
tliaii either is to Sirepsiceros or TragelapJius^ a view supported by 
the terminally tufted tail and the presence of horns in the female 
ill the two former genera. 


Genus Taueoteagus Wagn. 

Taueoteagus oryx Pall. (The Eland.) 

(Text-fig. 122, A, B, p. 929.) 

This species, according to Owen, who quotes it as oi^eas and 
mmm, has iieitlier preorbital nor inguinal pits. W. L. Sclater, 
however, says that the preorbital gland is small, “ with a very 
siTiali circular opening in fi*ont of the eye in a narrow bare tri- 
angular space.” In two young male examples examined by me, 
I could find no trace of preorbital gland or of inguinal or pedal 
glands. The pedal glands were also entirely absent on a foot of 
an adult kindly supplied to me by Messrs. Bowdand Ward, Ltd. 

The feet are constructed as in the genus Bos, the entire inter- 
ungual area being naked, the integument that joins the hoofs 
together forming a deep “ web ” extending forwards from the heels 
where it is thickest, to the anterior portion of the pastern only a 
short distance above the proximal margin of the front of the 
hoof, so that the hoofs are susceptible of but little separation. 

By their glands and other external features the genera of this 
.section may be grouped and contrasted as follows 

a, A well-deTcIoped preorbital gland opening b)" a longitudinal 
valvular slit; iior ns sliort, not spirally twisted, present 
only in tbe male (tail not terminally tufted; no inguinal 
glands). , . ' ' 

&. Preorbital gland relativelylarge; liorii not crested ; a poucb- 

Hke gland hi each false boot of the bind leg, &c. Tetraceros. 

Preorbital giaml relatively small ; borns crested basally; 
skin between posterior false hoofs highly glandular Boselaplms. 

n'. ^STo preorbital gland ; horns longish, spirally twisted, 
e. Inguinal glands present ; tail hairy throughout ; no liorus 

. '.in female ■ TragelajtJmSf IjhrMotragns, Btrepuce^ 

eh No inguinal glands ; tail terminally tufted ; horns present 

in both se.\es, Booeermts, Taurotragns, 

Bubfamily Bovix^e. 

Genus 'Bos 'Linu.. . (Text-figs. 123, 124,) 

[It is agre'ed.. on, all hands that-' preorbital, mguiiial, and pedal 
'.glands 'are absentb:aixd,tliat''two";pairs -of, mamnue are present .in' 
all the '.specieS' of Bovinse', whether they, be .referred to" the 'd>ne"' 
genus Bes* or cfec. ' In/ 

these respects Cattle,' 'are, ..'indistingmshable from the large Trage- 
laphiiie Antelopes , 'Tmurotragus - ' and',; Boooerms ', ' 'and'. . froiii'' '' the' 
larger forms of Cervicapiinse like Kohis elUpsijprymnus, They 
■also resemble them in the structure of the feet, tiie interungual 
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meiiibraiie being naked and contimiecl stmigdifc l>aekwards froin a 
point near tlie anterior proxhiial edge of tlie hoof to tlie lieeLs, 
forming a rectangular continuation on tlie niiddle line in front 
and beliiiid witii tlie integument of tlie anterior aiid posterior 
surfaces of the pastern respectively. 


Text-%. 123. 



' A. Median vertical section of \ foot of tkree.daj^s old: 

gelatinous mass between- tlie phalanges. 

' B. Anterior aspect of the same foot. ■ ■ 

C. -'Mediam .vertical section of footot’ calf of , ■te-?cri!f.a:,^e?.,'gelatiiicms ■ 

mass between the phalanges. 

I, have; verified this fact - upon feet 'of specimens of the following 
species -- ■ ■ ■ . , , 

'Bos iamrm Jj. -(Ox); -fore a-iid hind .feet /of a calf given to mo- 
bv Mr. Ii.--,E-.„'Holding,..,'.- , ' , 

Bos iin-fictf'-s L-. (Zebu); feet of 'adult male that died in the 
^Gardens; , ■- ' ^ ■*' --- 

' , Sos frontalis Lambert ■ ( Gayal) ; ditto. 

' tjaurm H. Sm. (Gaur) ; foot given to me by Mr. E. % 

Moidillg.-,- 

Proo, , Zoo'L.' Bog.— 1 
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Bos scmdaicus Sclileg. & Milil. (Banting) ; calf four clajs old 
tliat died in tlie Gardens. 

Bos griuiniens (Yak) ; a female specimen. 

Bos cqffer Sparrm. (African Buffalo) ; dried foot lent to me 1.ij 
FiOwlaiici Ward, Ltd, 

Bos hjJjcdus L. (Indian Buffalo) ; ditto. 


Text-%. 124. 



A. Median vertical section of foot of ]3os huhahts (dried ). 

B. The same of cr/jfb’ (dried). 


fresk specimens there is always a, mass of 'vascular' gelatiiiaiis- 
.tissue .between the penultimate 'phalanges of the pastern, coine- 
sponding to' that which 'is found along^ the. posterior inner' surface 
of the. 'pastern (111 'iresh specimens, of Adenoiao kobq Ckjifkqom' 
redtiAcu^ Tmiroh*agusj Bosela^^^^^ ' ■ ■ 

'. In the. fe'et of .the two Buffalos, mentioned .aho've I found .'the- 
iiiterungual integument ' much ■ -thicker dn BA'ca£&r tlian in 
B. a'lid the iormex-had a deeper ■■depression on the front.' 
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of tlie fetlock above the boofs than the latter, the interlingual 
web not extending so far to the front and, allowing the hoofs to^ 
he rather more widely spread. 

Family AXTILOCAPPJDrE. 

x4.xtilocapra americaxa Ord. (The Pronghiick.) 

(Text-fig. 125, A.) 

In liis paper upon the anatomy of this species (P.Z. S. 1870, 
p. 340). Dr. Murie summarised his own observations and those 

Text-fig. 125. 




: B 

A. Median vertical section o,f front’. foot 'of prematurely 'l>orn''exam'p!e, of' 

pedal' gland ^ <?.Dts .dnfice. ' 

B, Meiiian vertical section of hind foot of Giwjfit eamdopardalh^ tliree 

weeks old ; gelatinous mass between the phalanges. 

of previous 'authors on the cutaneous glands as follows: — (D no 
preoihital'' or' inguinal glands; (2)- a gland an inch and a half 



‘936 


3IR. R. I. POCOCK 02f THE 


[June 1 4j 


below tlie ear wliicli exudes a yellow glutinous secretion with a 
strong goaty odour ; (3) an unpaired dorsal gland six or eigiit 
indies in front of the tail ; (4) a gland on each side of tlie tail 
above tlie ischiatie prominence; (5) a gland on the posterior 
aspect of each hock ; (6) interdigital glands on all four limbs. 

My observations on this species were limited to a preniatiirely 
liorn'fcetiis. On this I could find no trace of the glands lielow the 
ears or on the hocks or on the ischia, except for the crease of skin 
-at the i*oot of the tail on each side. The dorsal gland vras in a 
nidiiiientary condition, the hairs on each side of the spine of the 
liiiiiho-sacral area showing a blank spot and being slightly stuck 
together. 

In view of the absence or rudimentary condition of the glands 
mentioned, it wns interesting to find the pedal glands highly 
developed . They opened by a small circular orifice on the front 
of tlie pastern some distance above the base of tlie hoofs. The 
orifice led into a long and spacious gland directed at first down- 
wards towards the hoofs, then sharply curved upwards along the 
posterior wall of the pastern, occupying almost the entire space 
between the phalanges of the feet, nearly as fa,r up as their 
articulation with the cannon-bone. These glands, present on ell 
four feet, were crammed full of white cheesy secretion. They 
resembled on a very large scale the glands of Sheep more than 
the glands of any of the Bovidje or Cervidie, although the orifice 
was situated higher up the pastern than in Oins, recalling in this 
particular the orifice of such a Deer as Capreolus. It was notice- 
alile, too, that there was no depression on the front of the pastern 
for the orifice to open upon. The hoofs were united by a very 
deep and continuously hairy ^veb, extending from the heels as 
far forwards as the anterior proximal margin of the hoofs. 

Family GIRAFFID.E, 

Gihaffa CAMELOPARDALIS Linn. (The Giraffe.) 

(Text-fig. 125, B.) 

According to Ogilbj, the Giraffe has neither preorbital nor 
inguinal glands, but has small ' interdigital fossav and four 
iiiammte. 

A, young specimen, three weeks old, that died in the Zoological 
Gardens, presented the characters ■■ mentioned hy Ogilby except 
that, there was' no.- tmce' of “ interdigital 'fossie,” the ieet'be'iiig 
completely webbed, with low- heels- and no tiace of a depression on' 
' tlie front - of 'the , pastern.. The interlingual integument, mo'reover, 
'was quite naked from froiitto- back, -as in Bovine and TrageEphine 
llinni-naiits, and ■ the same' gelatinous' mass . of tissue, iva-s , .present, 
between tlie^ penultimate, phalanges' of , the pastern as,i.s ib'und "iii- 
' the latter , animals. ■ 

;'y'-''ThereAvas a th^ of haii*s over '-and below the'kneeS'; but'' 
I 'could ..detect no evidence., of g.Iandu.Iar activity -in' -the,' ..underlying 
skin, there being plenty of und.erwGol 'but -'no s,ecretion at the "base 
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of the long' lioirs of tlie pad. The same pa.dy I noticed, was well 
developed in a hetal Giraffe taken from its mother that' died some 
four Years ac'o in the Gardens (.see F. E. Beddarcl, P, Z. S. 19rj6, ii. 
p. 630, fig, 109). 

The jionis of the three weeks old specimen, which ivei-e reli- 
tivelv as large as in tlie adult, ha,d no coniiection. apart finiii 
contact, witli the skull, a,- fact alrea.dy recorded bv Sir Pui.r 
Laiikester (P. Z. B. 1907, p. 101). ' 

Eniiily MOSCHIDJi;. 

llosciirs mosc'Hifehus Linn. (The Musk-Deer.) 

(Text-fig. P26.) 

The peculiar in usk-gland of the male of this species has been 
descrilied by iiiany authors, and I ha.ve nothing to acid to what has 
already been' said of this organ^k Dgiiby and Hodgson state that' 
the preorliital and pedal glands are absent. Flowei* t coiifiriiis 
this, saying nor were there any iiiterdigital glands on eitlier feet, 
the depresseti space lietween the toes, where the giands usually 
open, l')eiiig eovei’ed with hair.” Brandt also described a gland on 
the oiitei* side of the thigh in the male i ; and Hodgson discovered 
a gdand opaniiiigoii each side of the tail in that sex §. ' Neitlier the 
femoral nor caudal glands -were found by Flowei' in' tlie female 
example dissected by him. 

I have only seen one exainpie of tins species, a male from 
Cliamba presented to the Society hy Major O. B. Bodon, F.Z.B. ; at 
the time of its deatdi I merely noted the structure of the feet and 
the absence of the preorbital gland. On the front feet it was very 
obvious that the long hairs of the interdigital depression were 
stuck together with a brown sticky s'libstance, Imving a decided 
butdiidescribable 'Sinell aiKl indicating considerable activity of the 
■ sebaceous, glands. , On' the hind- feet there, was no such secretio',n,.’ 
tliediairs being, clean and separable,' ■ The depression between 'the 
phalanges of .tliedeet in- this species is deep, the .integument , of 
the'-.upper and under sides '-'meeting at 'an acute angle to form, a 
web which extends' nearly- 'as, far as the heels of th,e' hoofs:; but,o,n 
the 'liind feet the :webbing' is.wi-der and not so thick a,B- on the front 
feet,,, SO- that ' the ho'ofs, of - the, former .are capable of 'bei,ng rather 
inore widelj' distended,, ■- ' The entire interdigital , and interungiial 
area is tlik'kly covered;,, with long- hairs.' the tip>s of which overlap 
the proxiiiial portion of the hoofs to a consideiable extent. 

0.11 the dried skin I find no trace of the femoral gland descTi]>e<l 

-, - * -The scen't of the .secretion .of this gland w.he}.i. fresh is ilecidetlly unpleasant, with 
a 'peculiar piiiigeiit urinary odoxir, ■ If bears no sort of reseinhlanee that I can detect 
;tO' the prepared mii'sk ” ,o£ coTninerce., ■ ■ This is owe of, the criticisms that may be made 
'on M,r. .Beddard’s perhaps satirical suggesti.on (“Mammalia*’ in the Cambridge Natural 
History, p. 13,' '1002)^ that the .musky scept-,',of . -this ''Deer may be mimetic, in the 
sense of,frijir!iteni,n-ff its .enemies’ by sug’gesting- the- proximity of CrctCodiles. 
t R Z. a 1875, p, '1 d 9 &c. 

J Bull. Sci. Acad. Sh-mersb.-lp,'l74^^.1$^^^^^^^ 

- J,.,A.S. '.Bengal'yx, ^ 
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iiairs projecting backwards from its base on tlie upper side. Just 
behind the anus on the lo%ver side there is a mat of short haii's 
winch extends upwards laterally so as to cover the lower half of 
tlie side of the tail. Just above this the lateral surface of the tail 
is scooped, out loiigitudiiially, forming a wide gutter, which is filled 
with yellow crumbly secretion, and this extends over the siiirimit 
of the tail and almost to its apex, both above and at the sides. 
Before the skin became shrunken with drying, it is proba]:>le that*' 
it was full and flaccid, and that the wide gutter above described 
had the appearance of a nari*ow integumental slit sucli as H'odgsoii 
figured. 

From the gi'eat development of the caudal gland as Avell as of 
tlie pi'eputial gland in tlie male of the j^Iusk-Deer, it may lie 
inferred that the females seek the males at the rutting season. 

One other point may be noted : both Ogilby and Hodgson 
declare that this Deer has two pairs of teats. Flower, on tlie 
■contraiy, found only a single pair on the female he examined,,, and 
I noted that the male above mentioned also had but one pair. 


Family OEETIDxE. 

Ill describing the cutaneous scent-glands of the Deer I have 
not taken into account the statements made by Fitzinger in his 
diagnoses of the genera of this group {SB. Akad. Wien, Ixviii. 
pp. 348-362, 18/3), because many of them are contra/licted by the 
plainest facts. He says, for example, that Rangifer has no taiml 
gland and that Cermilits., Axis, My elaphus jporciniis, Borcelaplms 
mnericanus, Ifazama nerm/Amgtm^ and Rama have no pedal glands. 
Since these glands are extremely well developed in all these Deer, 
it is clear that no reliance is to be placed on this author’s state- 
ments as to their absence in other species. 

From the works of previous authors it is well known that one 
or more pairs of the following glands are present in all species of 
.thisfamilj:— " 

1. Pouch-like, shaEower or deeper, preorbital glands, which are 
Apparently absent only in 

■2.,,, Frontal glands, which are 'well developed in some species ■ of 
the Mimtjac' group and,- according -to .Wel)er, in the Sambar. 

' 3, . Tarsal'glands, consisting’ of 'a hair-covered 'patch of thickened 
.skin on the ; inner' side of: the tarsus - or hock and especMIy.' 
’Chai'acteristic.of 'the' A,inerican Deer. ■ 

'','4;' Metaharsal glands, which - usually' rese,m,He , tlm last'stmc-', 
■tiiraliy, ■ but are placed, on- the . outer,' side of the metatarsus' or' 
■c.anii'OB“boiie ,of the hind leg at .awarying distance .below the hock'., 

. 5. ■ Pedal ,gla,nds, wdiich , when 'well developed ■' consist - of a large"' 
"0.1* small, cleft or -pouch' on the' ' front -pf, the pastern 'Usually of '"tlie'- 
hind foot only, more rarely of the front as well. 

"Inguinal glands do not exist, and there are always two pairs of 
'teats., ,'' , A k '-.A, A' 
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€4eniis Certus Linn* 

C?ERYiTS (Certus) MARAL OgilljV. 

(The Caucasian Eed Deer.) (Text-fig. 127.) 

I,n an old Stag of tliis species that died in the Gardens tlie 
orifice of the preorbital gland formed a siibverticai S-shap^'^^ 
at light angles to the long axis of the eye-aperture. The gland 
itself ATas a simple but deep infolding of enormously thickened 
skill, the pocket being scantily lined ivith short hair and ’.filled 
witli a yellow iraxy secretion. 

The iiietiitarsal gland ivas represented by a thick 'mat of liaijr 
paler in colour than that of the rest of the leg. . The area heneatli 
tliis mat was nowhere naked^ as it is in Axis axis. 


Text-iig. 127. 



Cerv-iis (Cervus) maral. 

A. Transverse section tbrongli preorliital gland. 

B. T4ongxtudinal section thrirngh the same. 

C. Aledian vertical section of front foot. 

1). The saine of hind foot. 

'.On the, front hoof the integum.ent' of the ^interior .surface of 
the, pastern formed 'a rather shallow dc^pression , uniformly clothed 
with '■liair„iilinost to - .the .bottom,. ..''■'■The Tnterungiial . integument 
was , very , thick and ’ , liorny. '.'throughout its .extent, forming a, 
strong', but' elastic union '''between:. 'the hoofs., ..Along the back .of 
the pastern up to the : false, hoofs ,'the skin ,, was ■ also, moderately' 
thickened ; but I could 'detect ho 'ev'Mence of any .special .glandular,' 
activity in the skin of '.the. :fro,nt feet, '■■. ' , . ' , ■ ' ■ , ■ ■ 

On the hind feet the inteidigita.l ■.depression on tli'e'antefio'rside' 
of the pastern was much deeper, the integument being much more 
steeply inclined backwards' .and downwards Towards 'the; lieels, the'-' 
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lioofs being Joined together by a mocleratelj deep strong 
smooth tie just above the heels. The iiitegiiBient of the deeper' 
poitioii of the intercligital depression was almost naked, being 
merely sparsely clothed with short haii'j and instead of forniiiig 
a coiitiiiiioiis and level surface was sinuous or slightly folded, so^ 
that the depression was somewhat deeper above and lielow than 
in the middle. In section it was speckled witli a.- layer of small 
dark spherical glaiids, which extended not only over the skin of" 
the depression itself hut round the interungnal tie and some 
distance above the heels on the back of the pastern. Tliese dai'k 
specks, 'dearly visible to the naked eye, sliarply deliiie the position 
of the skin with active glands from the rest. 

The niaiii differences, then, between tlie front and hind feet are- 
the, presence of a deeper nearly naked iiiterdigital depn’ession,. 
of a, shoiter and weaker in'terungual web, and of more Idglily 
developed sebaceous glands in the latter than in tlie foi'mer. 

Certus (Cervus) elaphus Linn. (The Bed Beer.) 

(Test-fig. 128, A.) 

According to Ogillw, C» elaphus has distinct and movable pre- 
orbital glands and large pedal glands. Hodgson described the- 

Text-fig. 128. 




A. Mediaii' 'Terti€'al 

same of Certnis 
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preorbitai (is as moderate in size and mobility and S-sliaped, 
tlie pedal glands as large but doubtfully present on a.il four feet ; 
and added that tlie inetatarsal gland is posterior and external,. 1 
am indel)ted to Bir Claud Alexander, Bt.. F.Z.B.. for the front and 
liiiid feet and the mask of a freshly killed Stag from Bcotiaiid. 

Tlie preorlhtal gland resembled*' that of V. except that 

the orifice, when closed, formed a long slit, ligiitly concave 
iipwai'ds and inclined oblicjiiely at a very obtuse angle to the long 
■axis of tlie aperture of the eye. 

The feet also were very ^ like those of tlie Caucasian species, 
except that the horny heels of the front hoofs wnre united below 
tlie strong cutaneous heel-tie and a larger area, of the deep portion 
of the iriterdigitai depression was very scantily clothed with short 
hair. On the hind foot the depression, as in C, mcmih was con- 
sidera],'ily deeper and -^vas divided ' by a transverse Inidge into a 
smaller upper portion and a, larger low^er portion, both better 
marked than in that .species. 


Cbevus (Cervus) canadensis Erxl. 

(The Canadian Wapiti.) 

The glands of this species resemble in all essential respects 
those of C. elcifkiis and C. onaral. 

In an old male that died in the Gardens the orifice of the 
preorbital gland wns inclined at an obtuse angle to the axis of 
the ocular aperture; the pocket -was deep with nearly naked walls ; 
the skill of the bottom at its deepest part just in front of the 
orbit -was very thin, the thickest part being close to the orifice, 
especially on its anterior side. The secretion, which wvis very 
dry, smelt like green grass just beginning to decay. 

The metatarsal gland consisted of thickened skin completely 
covered with hairs, which were wdiite at the base and clogged with 
secretion smelling like a pen of Domestic Sheep. 

The feet in section w^ere very like those of G. eJ€q)kiis . said 
ij, mmmL except that the depression on the front of the pasterns 
was shallower and the nail of the hoofs shorter. The heels of 
the front hoofs irere separated- as in €f. miiral^ not united as in 
the example of ' 6'. examined. 

According to, Hodgson, the Hangnl or Ca.shmere' Stag {Cervus 
imshnirianm)^ wdiicii lie'"C|notes . as C, tmUkhn, and ' the ' Shou 
Cermts affiM'isjtigree with- in ■ their 'eiitaiieoiis glands. 

GERV'US. (PsEUDAXts) SIK,A--Temm, , (Japanese, Deer.) 
^,^:,;{Text-fig.^I29.).■■^ 

, - '■ Two ■ young ,makA examples, '■about ■■ "eighteen months- old,, agreed 
closely in -'a 'general ivay ’with.' Cl mar«^'-'and,<7. ekiphus, except that 
the preorbitai glands w-ere 'much le'ss.d,eveloped, the' infolding ,,being. 
comparatively quite shallow. ; The -', metatarsal ''■glaiid'''was'- 'ra 
by a large elliptical white patch, consisting for the most part of 
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liairs witb wbite tips. The ba.ses of the hairs were covered with 
adiiesive secretion and the underlying skin was markedly tliick 
and glaiidiilai’. In both tlie front and the hirnl feet the aiiteiior 
iiiterdigital depi-essioii was naked ami nearly lutirless in its deeper 
poitioii; but in the hind foot it was not sulxli\"i«'led into an upper 
mid a lower portion, whicli are so well marked in C. elapkiis, the 
door of the depression sloping gradually and evenly downwards 
and baeJavards from the tarso-ineta tarsal joint as in tlie front leg, 
mid the interrligital wel> was developed to about the same extent 
ill the two feet. In section the skin of this ai^ea sliowed no 
■especial signs of glandular activity. 


Text-fig. 129. 



Cervus {JPseiidaA'is) sika. 


A. .Median vertical section of front foot. \ . B. Median vertical section of hind foot. 

Althoiiglp on the evidence- -supplied by the - antlers, Mr. Grarrod' 
■believed Fseudaxis to be -nearly related to-D«'3n,ajTlie structure of 
the feet , affoitls; no -support tn this .view. ' 

readily interbreeds with' Cervus elaplim, d' 

-' ' Ceryus;(.Rucbevus) -D uvAUOELi Cnv." . : 

(The Swamp-I)eer- or Barasingha. ). . ■ (Text-fig. . .1 28., , B-, p. - 941.)-," 

Hodgson, who refers .this species 'to -two genera' under the. names 
JIueertms '■ elapkoides vel dmauceli and Frocermts dhmrplmp 
that -the preorbitah-glands are modemte, and moderately 'movable 
iiv the former, medial and vertical in the latter, that the pedal 
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glands a..i*e absent, and that tlie presence of metatarsal glands is- 

doubtful, 

111, a young example, two montlis old, tlie pi'eorbital gland wa-s 
scarcely develoijed, and consisted of little more tlian a sliallow 
Tiakeil cliamiei ininniiig oVilirjnely downwards and forwai'ds from, 
tlie coiiier of tlie eye. There was no trace of metatarsal gland, ; 
nor can I detect this gla.nd in living examples of tlie species. 

The feet were very similar to those of the previously described 
species. On the front leg the skin of the anterior surface of the 
pastern descended somewhat abruptly dowiiwa.rds and backwards 
Just aliove the hoofs, meeting at an acute angle the portion form- 
ing the heel-tie whicl'i extended for a longer distance in a direction 
parallel to the sole of the foot than in the other si^ecies. TTiere 
was no naked area, along the middle line of the front of tlie 
pastern : on the hind foot, however, this naked area wa.s well, 
marked all tlie way up the front of t].ie pastern, which was but 
little »lepi*essed and showed no indication of l^eing deeper abot^e 
and lielow than in the miildie. The interungiial integument or 
"wel) formed an obtuse angle with that of the front of the pasteiii 
and a right angle wntli that of its posterior siiiface, the heel- 
tie being long as in tlie front foot. On the posterior side of tlie 
pastern the hairs did not extend between tlie heels, as they did 
for a short distance in the case of the previously described, species. 

It is important to note the very slight differentiation of the 
preorbital gland in this young specimen, and also its smaller 
size ill the eighteeiimonths old examples of Ct siht as com- 
pared with that of the adult. From these facts it may be 
inferred tliat the gland in que-stion develops ivith age in tlie.se 
Gervida?, They are 'quite large, liowever, in neivly lioiii' MiintJacs 
{Oermilus), 

CEiivns {Panolia) elbi Guthr. (The Thameng or Tliamin.) 

(Text-fig. 130.) 

In 'a, very; old male of this species the preorbital, g]ar,id' wf,i.s 
well developed, the invii-gination being about one inch , deep at' 
its deepest part above, 'the d'irection. of the long orifice, when, 
closed, being, intermediatelie ween that of O.mwml and G. dapkti^,. 
The nietatarsal gland wns marked' by -a. patch of hairs paler than 
those' of the' rest of,, the' .leg, with their bases dogged with black 
secretion, the underlying skin .-.being' thick and,m,aitediy glandular' 
to the imked',eye. , '■ ^ 

' .Tliere',''wais 'sca'.rcely 'any., depression'on the. front of the ' p.astern 
■of ',, either 'tlie,. froni.'or the. '.-'hiiid. foot.' -'Oir the. front' foot 'the 
very ..shallow depression ; was hairy throughout as' in C, d/mamehi.: 
witho'ut- the naked area -seen- 'in C.dim'ul, elapkus, .and,^i^'» y and' 
eyen'on 'the hind leg this . .naked .'.'.area was of ' very 'small extent. 
Since the skin of this area did not slope downwards" and backwards 
betw^een the hoofs in front,, it .resulted that the intenmgual tie or 
web urns of iiiueli greater extent than in the other species, the feet. 
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in section, being coiistracted very much as in the Tra-gelapliiiie 
Bovidt'e ; but, as in the other species of Cervitlaj hitherto described, 
the inter lingual ireb was quite naked. The portion of this web 
’which formed the heel-tie was wider than in the other Beer, 
giving gi*eater disteiisibility to the hoofs, and tlie skin .siii’roiiiicliiig 
the false hoofs was naked, although the Irack of the pastern was 
normally hairy between the false hoofs and the heels 


Text-fig. 130. 




Genus Elaphurus M.'Edw, 

Elafhubus DAvixuAmTs 'M."Edw. 

(The Miloii or Pere David’s Beer.) 

■' According to Mr. Lydekker Deer of all Lands/pp. 233-23"7) the' 
preorbital gland is large, the ■metataiml gland covered ' with' "'hair' 
and 'situated in 'the upper third of the camion-bonej 'aiid' the foot'- 
glaiids and tarsal glaiidS' absent, in this species, 

Exa'iiiination of a dried . 'skin ' in 'the -Biitish //IBigeimi' has 
enabled me, to; verify these statements, 'xUiid" to add to the informa- 
tion ■.'■supplied', by ■ Mr. Lydekker the fact ■ that.' the inteningiial 
iritegument,, o'r.Ave'b is naked as in C, ehphnSj nmrai^ 

" .*■ . Ill qiie'race of this' species tlie wdiole 'Of the back of the pastern is naked, 
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and diaruicelL Apart from the greater length of the false hoofs, 
the feet of Elaphtf^rus seem to differ from those of the species 
just cited in having tlie integmiiental groove on their upper oi- 
anterior surfaces cohered with short hair like that of the rest' 
of the foot, instead of being na,ked at the bottom. 

Opinions of authors as to the systematic position of this Deer- 
are divided in accordance with the value attached to par- 
ticular characters. Those, like Dordon Cameron and Lydekker,, 
who I’ely mainly upon the antlers, place ElwpJmrus with the 
American Deer ; Brooke, on the contrary, depending largely upon 
the structure of the lateral metacarpals, maiiitained that Ela- 
pJmnis was an aberrant type of the gTOup to which C. elaphus,. 
(kmm^ wrdcolor. and others belong. 

The structure of the interdigital area of tlie pastern — that is to 
say, the absence of the glandular pouch and depression on the 
liind leg, and the smoothness of the interuiigiial integument — and 
the high position of the metatarsal gland completely bear out 
Sir Yictor Brooke’s opinion as to the affiliation of Elaplmriis with 
tlie Old World Deer, especially the Oi'iental types (c/l wfrd^ 
pp. 969-970). 

In opposition to Mr. Cameron’s view that Elaphurus is not 
related to the Old World Deer, the Marquis of Hamilton Field,’ 
July 1910, p. 199) pointed out tha,t hybrids Ekiphurm 

and CkrV'm have been bred in Paris and that one of these hybrids 
formed fertile luiions with both parent stocks at Woburn. This 
is an important piece of evidence in favour of relationship 
between the two genera. 

Genus Busa Ham. Smith. 

Rusa unicolor Bechst. (The Sanibar.) 

(Text-%. 131.) 

, ■ According to Ogilby, this species has distinct and movable' 
preorbital glands and large pedal glaiicls, the same epithets being 
applied . to them as to those of C, elapims, suggesting identit}" of 
developiment; and structure. Hodgson .supplements this desciip- 
tioii by .saying ' that the preorbital glands are very large j:ind 
completely reversile,' that the pedal, gland S' are large and present 
on all four' feet, and that the metatar-sal gland is posterior and 
external." According to Blanford,.' however, Hodgson ' say. s the 
interdigital .glands ' are wanting. .1 have seen one old male, 
example of this species.’ 

, ; Tlie' preorbitalgknd was a large and '.deep, naked invaginatioir 
half 'filled uvith 'a 'quantity of ■ waxy 'secretion -with a strong but 
iiid’escribahle odour.' ' The '’integument' at the bottom .of 'the pouch 
was thin .and 'a.pparently not .glandular but romi.d the orifi'ee,. 
especially 'fuiteriorly, .it was nui’ch--'' thickened, 'and '.it waS ""'he're- 
appaxentl}?-' that' the, secreting'.area W'as'.concentmted.' 

The siipFao,rbital' gkiid, mentioned .,■ by "Weber . as present',, in' 
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Eimt equina, I did not- find ; and no living Sa,mba.r that I lifive 
seen has any gland on the forehead comparable in developiiieiit 
to that of the Muiitjac {Cervidus), 

The metatarsal gland was represented by a tuft of haii\ which, as 
in Ela'phur-us and Cervus, completely covered the iinderiyiiig skin. 
iSio evidence, however, of the glandular activity of the skin was 
supplied by secretion at the base of the hairs. 


Text-fig, 131. 



■A. ■Mecliaii vertical section of front foot,. \ B. Malian vertical section,' of iiiml foot... 


; In either on the front, . nor ' the' hind feet was there a trace of ' 
interdigitai , , depression such 'as is 'Seen in the Axis, 'and Hog,' 
'Deer. ' The front of the pastern in, both feet was only shallowljt 
'depress,ed and, was 'covered, with 'liaii' as in Elapkm*m, aiidj the" 
inteiTiiigual 'W'-eb, ,w’as quite '.naked as in the latter and in the 
typicaTOld ,'Worhi Elaphine, Deer,' ■■■. 

' The ditferehce i'ii',the structure,, of, 'the hind fet^t Ijetaveeii tho', 
,Sainbar and the Axis justifies the generic separation of the two 
with this is , correlated , the nakedness of the metatarsal gland in: 
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tlie lattei- animal and its haiiy clothing in the foiiner. On the 
other handy although the Sanibar resembles the Barasingha, 
((7. (Riicervus) dnvauceli), tlie Thamin {G. {Panolia) eldi), and the 
Japanese, Deer [G. (Pseudaxis) sika) in the structure of the feet, 
it may he geiierically distinguished from these as well as from the 
typical Elapiiine Stags by the longer bushier tail and the extension 
of the iiiiiffle as a distinct broadish rim of moist hairless skin 
beiieatli the nostril. 

According to the Marquis of Hamilton this species interbreeds 
with Cerrm elaphus Field/ July 1910, p. 199). 

Genus Axis Ham. Smith. 

Axis (Axis) axis Erxl. (The Cliital or Spotted Deer.) 

(Text-fig. 132, A-E.) 

Hodgson says that the preorbital glands are large and very 
movable, the pedal glands large and present only in the hind 
feet, and that the metatarsal gland is posterior and external. 
This is perfectly correct, according to my observations. 

In an old male that died in the Gardens, the infolding of the 
preorbital gland was decidedly shallow'er relatively to the size of the 
animal than in (7. maral, or G. elaphus, or 0, eldi, mid the line 
of the orifice, when closed, was nearly pai’aH^l to that of the long 
axis of the aperture of the eye and lightly concave upwards. The 
pocket was lined with hair of the same colour as that of the face. 
By squeezing, the gland could be made to yield drops of pale 
moisture wutii a faint but decided musky smell. 

The iiietatarsal gland -was represented by a horny, hairless, 
blackish oval patch of skin, exactly lilce the wart of a Zebra or 
Wild Donkey and surrounded by a narrow rim of pale naked 
skill. This patch ivas entirely concealed by the long hairs growing 
imniediately round it, recalling in this respect the metatarsal gland 
of the Iinpala (.£^5fy?/CCT’oa). 

On the front feet there was only a very shall oiv depression on 
the anterior surface of the pastern; but on the hind feet the 
pedal gland was ivell developed and represented by a long and 
deep depression starting at the top of the pastern and extending 
'almost' to the hoofs. Atuts deepest part the wall of tlie depression 
almost reached the skin of the 'posterior 'surface of ' the pastern. 
From this point it, gradually. shallowed above and belo-w. Its upper' 

■ edge' reached', the 'Smimiit of 'the pastern,' but its lower, edge was'' 
.sunk some .distance below^ anti above 'the proximal portio'ii of' the 
hoof, '.where it' viis' , contihued ^ into -..'.the ' interungiial tie, '. . w’hich 
extended', Dictevards : from- near the', '.middle of , the lioof to '.'the 
heels, equalling, in depth ,■ the. correspon'ding web' or, .tie' ,of Gervm'^' 
mural and dapdtiis. " As'dn'.'those'.ispecies this 'tie .ivas.'iiaked. tlie, ', 
hairs beginning just between 'the heels .and being ''con'ti,iuie(i '.up' 
the back of 'the pastern,. ■ From'.-: the"' ■ above-given ' deseiuption'' it 
may be iiifeired that the skin forming 'the lower rim of the inter- 
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digital depression is separated by a considerable space from tlie 
skin of 'tbe inferior part of the back of the pastern above the 
heels and that the interdigital depre*ssion, instead of conimiinicatirig 
freely with the space between the hoofs, is to a great extent shut 


Text-%. 132. 



' '' ■ A. Tkansverse section of preorbitai gland of Jixis (Axis) axis, 

'B. Part'of the faee of the fame .showing eye -and. gland {gl.}, . ' 

'■ G. ' Anterior aspect of hind foot of same : gl., sHtdike orifice of gland. 

;'D. Afedian .vertical section of the hind, foot of the same. .. 

■ E. '. Metatarsal gland of the 'Same with 'th6,.hairs pulled aside to sho.w naked 
. .."skin- 

P. -M.6dian' vertical section of.hin'd foot .of Aarif {Sgela pints) po^’mnns, 

oE. from it by the .deep interungnal tie. The walls of the 
.depression were scantily, ^-..elothed with quite short hairs stuck' 

pB:C)C.Zoon.Som--^191,0,:MohI^ 
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togetlier aiicl stained with brownish secretion, and the' layer of 
secrediiiig cells was restricted to the walls of the interdigital 
depression and were much more highly developed than in 

Census ruaraL 

Axis (Hyelaphus) pokcinus Zimm. (The Hog-Beer.) 

(Text-fig. 132, E.) 

According to Hodgson, the Hog-Beer agrees with the Axis 
in the development and structure of its cutaneous ■ glands, both 
species being referred to tbe genus Axis. 

In a general way, this was true of the one example, an adult 
female, which I examined in a fresh state. The invagination of 
the preorbital gland was, however, shallower than in the male 
xixis. The pedal gland difiered, too, in one interesting particular. 
It.s walls w'ere covered with a growth of long hairs projecting 
forwards from the orifice of the depression exactly as in the 
Biibaline Antelopes. These bail's %vere clogged basaily and 
stained yellow by a waxy ' secretion with a pungent, but in- 
clescribahle smell. Moreovei', the interungual skin of the hind 
foot was hairy; of the front foot.it was naked, recalling what 
occurs in the Miintjac. The naked metatarsal patch ivas over- 
lapped by the long marginal hairs as in rl . axis. 

1 have seen hybrids between the Ohital and the Hog-Beer in 
the possession of Sir Claud Alexandei', by whom they were 
bred. 

Genus Bama Erisch. 

Dama DAMA Linn. (The Ealiow-Beer.) 

(Text-fig. 133.) 

The striictiire of the feet, and of the pedal glands' of this Beer 
have been described .accurately by Max TempeL The material I 
have examined i-vere ' a fawn about 24 hours old received from 
Mr. R. E. Holding,' some hind- feet purchased in a shop in London, 
and ■ preparations of the' feet in the Museum of the Royal College' 
of Surgeons. . 

' Til the fawm the.preoi'bital gland consisted of a small but very 
distinct ' pit , of naked skin. -This .pit was considerably deeper 
.relatively than, in the, much older 'young example of Uerims 
(Mticerzms)' rMvauceUy^ hilt was shBllo\Ye^ in the .fawn of 

Cextmlm 'mim-tjac, 

, The area of the .metatarsal' gland, was quite covered ".with', long 
.white clos.e-set hair ; ., but the, -gland, showed ' no signs of' activity. 
y;Tlie, cleft O'f '.the pedal gland -of' the' hind, /foot was' as 'long .as, 
''in'',Arm'''cms' or 'afr' ; ■'but',,.the -.cleft itself w’-as .decidedly 
deeper, the' skin of, the" posterior wall'' being almost' in contact 'with 
that of the back wall' of: the pastern,'. ■ 'As" m-A. aina.tlie d.eep-est part 
of the depression w^aS' at a point nearly" mid way ' between the heels-'-' 
and the false hoofs ;,' above. '.....the - deepest part the skin sloped'- 
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somewliat steeply iipiYards to the Joint of the pastern, but below 
it the skill rose to only a very slight extent before passing into the 
heel-tie, with which it formed a close fold. Thus the interdigital 
cleft communicated quite freely with the space between the hoofs 
and was not shut off therefrom by any extension of the integument 
to form an interlingual tie or web. The hoofs were united only 
at the heels; but hy way of compensation for this shallow' 
Junctional area the heehtie was very thick and horny. It was 
naked behind. The whole of the interdigital cleft was thickly 


Text-fig. 133. 



Dama daim. 


A. Median vertical section, of front foot, from specimen in the Museum of the Eoyal 

College of Surgeons. . . 

B. Median vertical section of hind foot. 

clothed with haiirs, growing, for, the' most part downwards' and" 
grey or .white ...in ' colour, "hut stained' a .deep' yellow,, add '.stuck 
.together ; basaily with ' .secretion, ^ " Inferiorly these hairs", spread" 
over the lo’wer rim of the orifice- 'formed by the closely folded: -skin,, 
'above' the' heel-tie.,; , ' The hair. along the back of the pastern'' .spread 
fox'- 'a ..short distance between .'the heels,:' and the aeereting cells,': of ' 
.'the gland were, restricted to’ the 'walls' of the interdigital cleft. 

''-.Tn' the 'Museum' of the Boyal College of Burgeons there are 
'.prepamtioBs of the feet of this Beer. The hind foot agrees with 

62 ^ 
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tlie one above describedy and the front foot shows a very deep 
cleft similar to that on the hind foot but shallower, the web of 
the heel-tie being much less closely folded. 

Although, in the opinion of some authors, Dama is merely a sub- 
genus of Germs, the structure of the feet sho^ws that it must rank 
as quite a distinct genus from all Elaphine Deer to which it is 
commonly sii|)posed to be nearly allied. The only Deer, so far as my 
'knowledge extends, which have the hind feet so deeply cleft are the 
Miintjacs {Oermdus) and the Chinese Water-Deer {Hydropotes). 

I am not aware that the Fallow-Deer ever interbreeds with the 
Bed Deer. 


Genus Cervulus Blainv. 

Cervitlus muxtjac .Zimm, (The Common Indian Muntjac.) 

(Text-fig. 134.) 

According to Ogilb}^ this species has very large movable pre- 
orbital glands, two large movable supraorbital glands at the base 
of the horns, and large pedal glands. Hodgson confirms what 
Ogilby says about the preorbital and supraorbital glands, and adds 
that the pedal glands are, confined to the hind feet and that the 
metatarsal gland is, absent. 

My own observations upon a specimen six days old that 
died in the Gardens, agreed precisely with those of Hodgson. 
The frontal gland was represented by two anteriorly converging 
strips of skin covered with very short hair, and shallowly grooved 
or rather longitudinally depressed along the middle line. This 
area of skin vras in no sense thickened, and in section showed 
no macroscopic indication of being specially glandular. This 
was probably attributable to' the. immaturity of the specimen, 
for in living adult examples of this species now living in the 
Gardens this gland appears as a long crease with thickened 
: upstanding edges, and, be it noted, it is much better developed 
in .the male than in the female. 

Tlie preorbital gland when closed has the form in the adult of a 
crescentic slit with the concavity dii'ected upivards. , The posterior 
extremity, of the slit, 'however, curves- back towards the shallow 
'gi*oove running forwards from the .eye,. and its opposite. extrem.ity 
'curves slightly,' the other way, 'giving in. reality a slightly sigmoid 
curve tO' the slit. ,,'The two .ends -o.f.. the slit are deeper' than - its, 
'"'me'dian- portion, and. when the gland was- "everted- in, the '..young 
individual , its area .was, seen to be subcircular and marked with 
an-ant'erior and posterior 'groove. I'-epresenting the deeper .parts of' 
"'the' slit. 

';'„Th'ere was 'no "-trace .of, tarsal: -'or metatarsal, .glands or .tufts of 
'"'hair'; 'and' the pedal glands'- 'were present' only o'n" the hind 'feet, 
the front of the pastern Bearing a deep triangular cleft when the 
hoofs w^ere separated. The skin of the back of the pastern 
reached the heels, and was folded somewdiat closely back upon 
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itself, tlioiigli not quite so closely as in Bmna. The anterior sldn 
of this fold or web formed the posterior wall of the interdigital 

Text-fig, 134, 



Cenaulifs rntmij a&. 


A. Median vertical section of liind foot of specirnen six days old. 

B. Anterior aspect of hind foot of the same. 

C. Median vertical section of front foot of the same. 

D. Bt T. Preorhital gland, in three stages of distension, of the same, 
d. Frontal glandular areas of the same. 
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cleft, tlie upper portion of '\rliicli was depressed to form a shallow 
pocket with a narrow* elongated orifice, whence long hairs, 
stuck together with secretion, projected. This pocket was the 
glandular area of the cleft. The sides of the cleft were covered 
with liair, as also was the iiiterdigital web. 

On the front foot the skin of the anterior surface of the pastern 
foriiieci a very slight and gradual slope between the digits until 
it reached a point on a level with the heels, whence it receded 
somewhat ahriipthn forming a moderately deep interungual web, 
which met the skin of the back of the pastern at right angles, 
constituting the heel-tie. In this foot the heel-tie and interungual 
web were smooth and not hairy as in the hind foot. 

In a young male of about a year old examined since the one 
Just mentioned w'as described, I found the glands similarly but 
better developed. For instance, the dark glandular layer of the 
pedal glands was much thicker, and the white hairs of the 
depression were stained a rich grass- green colour by the secretion, 
the smell of which might be described as ^‘musteline/’ being 
decidedly unpleasant and reminding me of the scent of a Skunk 
{MephUis). When the frontal gland was excised and squeezed, 
minute drops of clear fluid appeared on the skin. This hacl 
quite a pleasant odour, very like that of a living Civet (Viverra 
cwetta)' or of the waxy substance cobblers call ^* heel-ball.’^ 

Ceevulus EEEVESi Ogilby. (Reeves’ Muiitjae.) 

(Text-fig. 135, E.) 

I had an opportunity of examining the glands on a fresh nearly 
adult female specimen of this species sent to the Gardens by 
Mr. W, Jamrach for determination. The frontal glands were not 
nearly so well developed as in C, muntjm: in the latter the 
nearly naked areas of skin converge and meet on the summit 
of the nose ; but in the specimen . of C\ reevesi examined they 
were considerably shorter, subparallel, and separated throughout 
their extent by a normally hairy area of skin. 

„ The preorbital glands, were of substantially the. same structure 
in the two. . The secretion was white and adhesive, wdth a strong 
■; smell 'of, cream-cheese. 

''r \, The interdigital '■cleft/'nf;' the, ,hm^ foot had no differentiated 
: gl,andular,pocket in its npper half, .but 'was'eveiily deep throughout 
,'dtelength, very closely .resembling that .of .cfawa, the inter- 
,'digita,-i web consisting' of a 'close., fold, of skin running along ' the' 

■ back':nf' ',:th6. lower half , of ■, the .'pastern and, tying ,the' heels.' 
;' ''together:. .'w^here the^ M began.' This' heel-tie .and.,, the walls of' 
.'■ 'the ■cl eft ''’Were 'covered' with hairs,.' and 'long .hairs projected „forwards 
and downwards from its deeper portion, exactly as in the Hog- 
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Genus Elaphobes M.-Edw. 

Elaphobus oephalophus or michia??us„ 

(The Gliiiiese Tufted Mimtjac.) (Text-fig. 135, A-D.) 

In ills memoir on the anatomy of E, iniclumim^ Garroc! does 
not mention the pedal glands. He records, however, the absence 


Text-fig. 13o. 




A. Orifice of preorbital gland and part of tbe eye of Bla^hodn^ iMcMamis^ 

B. Median vertical section of-, bind -foot .of. tbC' same. 

0. Do... o.f 'front foot of the same, j 

Khmarinm. ■ 

B.' Median vertical section' of bind foot of CBrvuhis 7'eevesl. 


of frontal glands and the presence of preorbital glands in both 

sexes*.'.' 
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I am indebted to Mr. Edward Gerrard for tlie opportunity of 
examining a cliy skin of a female of one of these Deer, probably 
referable to the Ningpo siibsj)ecies E. cephalo^^Ims miehimius. 
There ivas no trace of frontal gland. 

The preorbital glands differed in no respects from those of 
Uenridm^ consisting of a subcircular area of short-haired integu- 
ment with a subcrescentio crease deeper at the two ends than in 
the centre. The pedal gland of the hind foot resembled that of 
0. reevesiy except that the cleft was relatively longer. On the 
front foot there ^vas no gland and only a shallow depression, the 
interungiial 'web being moderately deep, owing to the anterior 
and posterior skins of the pastern being considerably separated in 
the middle line. The heel- tie and inter ungual web were quite 
naked. The false hoofs 'were of comparatively large size and 
the hoofs w^ere shorter than in C. reevesi. 

There were two pairs of teats as in other Deer. The absence 
of the frontal glands and the presence of w^ell-developed false 
hoofs show that Blaphodus is a less specialised type than Qervulus 
mmitjac or remesi. False hoofs, however, are by no means always 
absent in specimens in the Gardens referred to G. mmitjac. 

Genus Hydbopotes Swinh, (jsHydeelaphtjs Lydd.), 
Hybbopotes iroRMis Swinh. 

(The Chinese Water-Deer.) 

I have seen no example of EydropoUs {^Eydrelaphm 
but, according to Garrod (P: Z. S. 1877, p. 780), the preorbital 
gland was present, but quite small, in a newly-born specimen of 
E. imrmis, and the metatarsal gland was absent. Of the pedal 
glands this author wrote In the fore-limb the interdigital 
skin is inflected but slightly, and there is no special gland 
differentiated, although the surface of the skin is apparently 
studded with minote gland -openings. In the hind-limb the inter- 
digital skin forms a deep pocket 'which almost completely separates 
•The toes, except that they are 'joined by a thin transverse skiii- 
■fold, along their posterior.^ edges. .■ The ■ included skin is .studded 
with ' small 'glands,’’ v. ■, I .infer, ''from- this de'scriptioii that" the 
posterior '.pedal gland resembles that, of Oerpulus or Eania and' iS' " 
^.quite rinlike,^ the;;, corresponding/ glan.d'.- of'. the 'genus 

near, which Sir TictGr/Bro'o.ke.' placed Eydi'opotes on account of' 
the structure' of its .; lateral metacarpals and vomer." Since. W. 'A. 
Forbes came, .to .'the .same conclusion .to.uching' the alSnities "of' these. 
;tw' 0 ,'generaJudgiiig.,,fr(>m''.their visceml anatomy (P. Z. S.' 'T882, ' 
p. 637),' .there: ..'is'.'no ;,reason :to doubt ■ the..' correctness, ' 'of ' .Sir'' ,tL ' 
Brooke’s ' view. ^..."jIII the,' more interesting, therefore,, is it to And 
the difference in the pedal glands above alluded to ; becaaise 
Eijdropotes is the only member of the Telemetacarpal Deer yet 
recorded as having the interdigital glandular cleft communicating 
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freely witli the inteningtial space as in Dama and Oervulm^ this 
type of gland being, in mj opinion, as is explained below^ tlie most 
primitive type in the Ruminants. 


Genus Capbeolus Frisch. 

Capreolus capbeolus Linn, (The Common Eoe.) . 

(Text-fig. 136.) 

According to Ogilby, this species has no preorbital glands, but 
large interdigital glands ; and since he described the pedal glands 
both of Oervus elaplms and of 0, capi'eoliis as ^'/osscb interdigitaies 
magnwi^ it might be inferred that they hare the same structime 

Text-fig. 136. 



: P , , : 

Capreolus capreohis^ 

A. .Median vertical section, of hind foot. ■' ] B.' Median vertical section, of front foot. 


ill, the' two' species. This- inference,. howmver, is as little in accord' 
wdtlr the 'facts as thestatement that -the pedal. glands of CapreoluS' 
„are' very "dike those of Mpdropotes^. .Max," .Tempel accurately 
figured and described the glandular structures both on the front 

'and'diinddeet , 0 'f 

'd, ';''Th© '', only ...materi of this species which I have been able 
to examine was some limbs of freshly killed specimens kindly 


* all. Bahdsy 
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procured for me by Dr. Plinmier, F.K.S., P^itliologist to the Society^ 
and by Mr. Pt. E. Holding, and a faee-skiii for which I was also 
indebted to tlie latter gentleman. Mr. Lydekker describes the 
face-gland of Capreolus as ‘^almost obsolete.” I could find no- 
trace. of it on the face-skin that I examined. 

Tile iiietatai'sal gland was represented by a thick pad of hairs ^ 
the bases of wdiich exhibited blackish seci'etion derived from ■ the 
thickened skin beneath. I could detect no distinct smell in 
connection with this gland. 

The pedal gland of the hind foot %vas represented externally by 
a smallish orifi.ee opening on the front of the pastern high above 
the lioofs. This constricted orifice led into a capacious sac ex- 
tending as far back as the posterior skin of the pastern and also 
to a certain distance upwards, its upper extj-eniity reaching as far 
as the false hoofs. The walls of the sac were scantily clothed 
with long pale hairs all stuck together with thick yellow secretion ' 
smelling like cheese. The dark browm gelatinous-looking glan- 
dular layer enveloped not only the sa,c itself but the skin of the 
front' of the pastern below it .and the skin of its posterior side' up 
as far as the false hoofs. The ham betvreen the hoofs vras all 
matted with secretion. Below the orifice of the glandular pouch 
the skin of the middle line of the pastern was only slightly de- 
pressed ; the anterior and posterior w^alls of the interungual rveh 
were moderately widely separated .and in' no sense clovsely folded 
■as i'll ' Cermilm or Bama. This, web w’as, how^every. uniformly and' 
thickly covered, both above, below, and between the heels, with 
long hairs. 

On the front leg the" glandular sac. was represented by a very 
shallow depression, but the skin of the pastern below this, down 
to the hoofs and of the back 'of. the pastern from, the heels up to 
the, false, hoofs was lined with a 'dark- secreting layer. This 
layer did not, however, extend. '.up the interungual web, which 
■was deeper than that of the hind foot but similarly hairy. The 
hairs both o.n the front and the back of the pastern, were stuck 
together ' basal Ij mtli blackish sticky secretion smelling of mouse 
mine. 

Genus Alcb Frisch. 

Alce AUCES Linn. (The Moose.) 

(Text-fig, 137.) 

: , Acco.rding to,Ogilby, this species ''has large .preorbital and pedal 
■'glands. ' ■ ■Siibseqneiit' authors .'have'' also' 'recorded the presence of 
preorbital,. tarsal, and metatarsal ■' glands, the latter, according, to,, 
Hitsche (,2ool. A.nz:. 'x,i'v, p. -181, 189 1), being represented by . a 
..naked area, of' skin overlapped .by. a '..marginal fringe.- , Max' 
Tempel accurately described the struct ime of the feet and the 
microscopic structure of the glandular pocket of the posterior foot* 

I have nothing new to add on these points, the only material 
of the genus I have been able to procure for examination being 
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two feet wliicli, from certain differences in their structure, I judge 
to be those of front and hind legs. The former I received from 
Mr. R. E. Holding, the latter from Messrs. Rowland Ward, Ltd. 

On the one judged ' to he the hind foot the interdigital pocket 
found in Gapreolm and Rcmgifer was represented hy a distinct but 
shallow depression, with hail's paler than those of the suiToiiiidmg 
skin projecting from it. A little below this the iiitegiinient dipped 
obliquely backwards and downwards towards the heels to , meet 
that of the posterior side of the pastern, which extended for some 
distance between the heels but w^as not markedly thickened to form 
a strong heel-tie. The entire interunguaharea and heel-tie were 
covered wntli long hairs, there being only a small less thickly 
haired area a little below^The glandular depression. 


Text-hg. 137. 




Alee alces. 

A. Median vertical section of front foot (dried). 

B. Tke same of bind foot (dried). 


On .'the . front leg there,' was 'Scarcely.' a trace of the glandular' 
pocket'" .seen'' on the. other, . .but ■ the" slightly, depressed skin along' 
the mkldle line of the front of the pastern towards the hoofs was 
scantily hairy, this area being of, much greater extent than on 
the foot previously described. Moreover, the interungual web 
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was miicii tliicker and deeper, tlie two halves of the lioof of the 
front foot being evidently much more strongly united than those 
of the hind foot. As in the latter, the whole interuiigiiai tie was 
thickly covered with long hairs, this hairy clothing constituting 
a marked difference between the feet of the Moose and those of 
the Bed Deer group, and showing equally marked similarity 
"between the Moose, Eoebuck, Eeindeer, and typical American 
Deer. 

Genus Eangifer Frisch. 

Eangifer taranbus Linn. (The B^eindeer.) 

(Text-fig. 138,) 

According to Ogilby, this Deer has large preorbitai and small 
pedal glands. Max Tenipel shows that there is a well-developed 
glandular pocket on the hind foot, but none on the front foot. 
My own observations are completely in accord with this. 

The only material of this species I have been able to examine 
was the fore and hind feet of the Caribou (i?. tarandihs caribou) 
lent to me by Mr. Gerrard, and the fore foot of a second 
example received from Messrs. Bowland Ward, Ltd. 

The tarsal gland consisted of a large area of thickened skin 
covered with a mat of long coarse white hairs without underwool, 
the bases of the hairs being clogged with colourless scurfy 
■'secretion, v 

The pedal gland opened by a large orifice on the front of the 
pastern some distance above the proximal edge of the hoof. The 
orifice led into a deep subcylindrical pocket, the deeper end of 
which extended obliquely backwards and upwards in the dii*ection 
of the false hoofs. The cavity of this sac was filled with long 
hah’S, all directed towards the orifice and stained yellow, and a 
well-marked dark-coloured secreting layer enveloped the walls of 
. the sac within the pastern. ■ The. interlingual web was very short, 
..and .was ■ situated some distance from the heels towards the 
px'oximal end of the hoof in front, forming in section a semi- 
.elliptiml figure. Like the back and the front of the pastern, it 
■wms thickly covered throughout with long iiair. ' 

.The front foot .was, in a general way,. dike the/ hind .foot, but, 
had 'HO trace .of the glandular - pocket, and the interungiial 'web 
w^as even less' extensive and" still /further removed.from. the heels. 

'■..The Te'semblances.' between ''the glands of the .feet of, the Eein- 
deer and' those of the' Roe (OapreoMs) or Brocket (Ifazama) are 
unmistakable, and are quit’O.-on- accord ■with Sir Yictor' Brooke’s 
view^ of the .relationship between .these Deer,. 

' ■ Writing .of the ''foot' of '.'.the: Reindeer, Flo, wer and' Lydekker. 

' remark : — “' The,'.cle,ft between' the-'/ two'-:, main., .'lioofs is very^-.deep,. 
so that these, koofs^- 'can be,: spread .out, as ''the' animal traverses' the ' 
snow-clad regions in which it dwells” (‘ Mammalia,’ p.325, 1891). 
This expression, although true in a sense, by no means conveys 
an accurate impression of the cause of the potential expansion of 




Man>^ifertarandus* 

A. Median vertical section of front foot (dried), 

B. Tile same of hind foot (dried). 


. Tlie peculiarity 'of tlie foot of the-, Reindeer consists in this : — 
Tlie/integumental' web joining -tlie . two' lioofs together passes 
straight forwards some distance above the heels and terminates 
behind and nearly on a level with the upper posterior margin of 
the mail.V' Rrom . this :arraBgement '-'it results that whereas the 
superior and proximal portions of the hoof are capable of com- 
pai-atively little distension, the heels can be widely separated, 
giving to the hoof a wide plantar area which is increased by the 
long false hoofs. It is onlj when the hoofs are thus distended 
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tliat tlie plantar surface, or sole, of each is applied flat to tlie 
groiiiidj oil account of the much' greater size of the external as 
compared ■with the internal lamina of the nail. 

Gfeiius Doecelaphtjs Gloger. 

Doecelaphus (or Gaeiachs) amekicaxus Erxl 
(The Yirginian Beer.) (Text-fig. 140, C, p, 965.) 

I have had no dead example of this species for examination, 
blit in the collection of the Eoi^al College of Surgeons there are 
mounted sjieciinens of the fore and hind feet showing the pedal 
glands. The glands on the hind foot resemble in a general 
way lioth in position and development those of the Roebuck 
(Gapreolus)j except that the oiifice is relatively larger and less 
constricted. As in the other Telemetacarpal Beer that I have 
seen, the interlingual integument is covered with loiigish hairs, 
continuous in front and behind -with those of the anterior and 
posterior sides of the pastern respectively. 

The front feet are similarly constructed, and have a large 
pocket-like gland resembling that of the hind feet but smaller. 
This is the only species of Beer knovm to me which has a large 
pedal gland on the fore foot. 

The presence of preorbital, tarsal, and metatarsal glands in this 
and allied species has been recorded by other writers, and they 
are all apparent upon a living specimen in the Gardens, from 
Venezuela, which I identify as i). americmms mvamiarimi, 

' Genus Mazama Eaf, 

Mazama xemoeivagus R* Guv. (The AYood-Brocket.) 
(Text-fig. 139.) 

I have examined one adult female of, this species. . 

The preorbital gland was a small shallow infolding, linear when 
closed and subeliipticai wdien spread, resembling tliat of an 
eighteen months old , Cermis sika, ■ 

.The hock- or tarsal gland was marked exteinaily by a small 
tuft- ofwvhitish'or ashy-grey hail’s arranged in a wiiorl and with 
their bases encrusted with.. dark - brown secretion, the underlying 
'.ski.ii being thick in .section, with the roots of the hairs penetrating' 
deeply into it., .. There ,%vas' no metatarsal gknd,. 

■ The pedal gland was well ■ developed', upon the hind, foot. ■ The 
front of the', pastern . w^is,-' marked .'-by a -shallow triangular de- 
pr.'e*ssioi,i, .at' the, summit -’-of, which was "the -orifice 'of a cylindrical 
,sa-c resenibling that, of 'the '^-Reindeer, (Hcmgifer)^ the: deep end of . 
the 'pocket 'reaching, nearly to.-'the"- -false-;- hoofs. . .. The walls of. the' 
pocket' were'' sparsely 'lined-,:, with . hairs' covered with 'secretion 
which stained black the longer hairs of the depression below the 
orifice of the gland. The secreting layer of ceils enveloped the 
pocket and extended along the skin forming the posterior ^vall of 




Mazama nemonmgm ^ 

A. Median vertical section of front foot. 

B. Tbe same of liind foot. 

C. Ocular region and preorbitai gland. 
O. Section of tarsal gland 

,,,E, ..Bhinarinm* 


::pasfe€rii,whicli 'wereAvidelj.SBpamte^ ' The interungual web was' 
'■■'iiiiiforBily covered with longish hairs barely overlapping the 
proximal edge of the nail. The hoofs were long and pointed. 

The front hoof was constructed almost exactly like the liind^ 
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except that tlie pocket was represented hj a very shallow 
depressioiij and the area of the pastern below this was scarcely 
depressed. The secreting layer of cells lined the iiitegunieiit in 
exactly the same way. 

I believe this species to have been ' correctly determined ; 
yet, according to Fitzinger, if. 7i6morimgus has no tarsal gland, 
and was consequently made the type of that author genus 
Drjrgceros. 

MazA-MA. BRiCBNii Thos. (Briceni’s Brocket.) 

(Text^fig. 140, A, B.) 

A single adult female example from Yenezuela. The preorbital 
gland resembled that of J/. nemorwagiis, vSuperficial exauiiiia- 
tion of the hock showed no trace of the tarsal gland, but when the 
hairs over the appropriate spot wmre rubbed aside tlie}^ were seen 
to have darker bases than elsewhere on the leg and the under- 
Ijring integument was thickened as in J/. although 

to a much less degi’ee. On a dried skin these glands would 
probably have been wholly overlooked, since they were not marked 
by any tuft of hams thicker or coarser than those surrounding 
thearea.' 

The feet were rather difterently constructed from those of 
Jf. mmonmgm^ the hoofs being very much shorter, the inter- 
digital cleft on the front of the pastern deeper, and the inter- 
ungual web shallower. On the hind foot the glandukr pocket 
was capacious and deep, extending backwards and upwards and 
touching the skin of the posterior side of the pastern just below 
the false hoofs. It was nearly elliptical in section, the lumen of 
the sac being larger than the orifice. Just below the orifice the 
integument formed an arched curve down to the strong heel-tie. 
The walls of the pouch were thickly and uniformly covered with 
long hairs projecting towards the orifice ; and the walls of the 
interdigital cleft and the heel-tie . were also covered uniformly 
with hairs. An olive-brown glandukr secreting layer enveloped 
the pocket and extended inferiorly nearly to the heel -tie. On the 
front foot the pocket, although small as compared with that of 
"the: hind/ foot, .was, better marked than in any species of Deer 
I /have e,xamined with " the . exception of I)orcelapIms 'miiericmim, *' 
/'eoiisisting cf, a very definite hair-lined invagination. Below The 
.orifice' the' skin of,' the anterior surfacenf the'pastern passed towards ' 
the hoofs in,' a direction ' parallel -to that., 'of the posterior side of the 
pastern, ' 'then . descended, ohliq.uely'. downwards and backwards'' tO' • 
'the heel-tie, which .'for a- short ''distance was hairless, thus xlifiering' 
from the .x‘oiTe'.sponding'"area .im the hind. foot,, and ..recalling ''the 
simikr difierenee between the two ■ feet -of the,,,Mun'tja:es''(C^cri?wfe^ 

Since pedal glands essentially similar in structure and position 
are found iii^ such widely-divergent genera of Telemetaearpal 
Deer as Itanglfer, Capreohm^ Dorcelaphus, and Mazmia^ it may be 
inferred that they are present at least upon the hind feet in the 



A, Meclisiii vertical section ^of front foot of Masama hrieenii 
B- ' Bo. of 111 lid foot' of the same, ■ ^ ■ 

C. ,i)o. of bind foot of Doreelapims ameri^amis from specimen in the; 

Museum of the Boyal College of Surgeons. 

I liave had no opportnnifej" of' examining the ^ feet or fresh rshins 
of 'an j examples of the', following tyj^es of Telenietacarpai Deer., 
llhe,' principal external features'.^of. 'the' gla'ncls',,',wiir, he' found 
described .in Mi*. Lydekker. S'' monogi'aph, 

Pfioc. Zooii, Soc.— ,19.10, No,.,'LX'ip. 


m 
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Genus Eucervus Gray. 

Eucervus hemionus E-af. 

(The Mule Deer.) 

.ISTotliiii.e-, so far as I am aware^ is known of the striieture of the 
feet ; but^the preoi-bital, tarsal, ami metatarsal glands are present, 
tlie metatarsal gland being unique in its length, since it extends 
at least ha]fwa..y down the cannon-bone towards the fetlock. Tliis 
character I have used as a generic feature to distinguish Eiwerinis 
from IJorcelaphus (p. 971). 

Genus Blastocerus Siincl. 

BlASXOCERUS DICHOTOMUS 111. (—PALUDOSUS). 

(The Marsh- Deer.) 

The preorbitai and tarsfil glands are present and tlie metatarsal 
gland absent, according to Mr. Lydekker, In this last- mentioned 
character the Marsh>Deer resembles Mamma. 

Blastocerus bezoaeticus Linn. ( = campesteis). 

(The Pampas Deer.) 

This species appears to resemble the foregoing in the nature 
of its glands. 

The difference in the antlers suggests that this Beer should 
rank as a genus (or subgenus) distinct from B, dichotonms. 


Genus Hippocamelus Leiick. 


Hippocamelus bisulcus Mol. 

(The Oiiiiian Guemal.) 

IJiider the name Xenelapivas, Mr. Lydekker acliiiits tins and 
its ally ' ff. aiit’isiensis as a subgenus on account of tlie simply 
forked antlers, the coarse brittle hair, and the alisence of tiie 
inetatax’sal gland. The latter, however, is also wanting in 
Blastocerus and Mamma^ leaving the subgeneric status dependent 
on the character of the coat and antlers. This author also remarks 
that the simple form of the antlers is seemingly due to degra- 
dation and cannot therefore be; regarded ■ as an ancestral type, 
because the absence .of spots in the fawn and the suppression 
of the metatarsal gland are obviously specialised features. Yet 
there is no commoner ■morphological phenonieiion than the 
association .of primitive with specialised features , in a species. 
Moreover, the' antlei's of Hippocamelus and Mamma may be, due 
to simplification from, , a much. more complex type and, yet' be 
6* ancestral ” in the sense that their ■characters result from the 
'retention ■to mat m,dty of an early, growth- sta,.ge,. 1 
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Genus Pl'BTj Gray. 

PuDU punu MoL (The Ghilian Piidii.) 

I have had no opportunity of exaiiiinino; any material of this 
genus beyond the dried skins in the collection of the British 
Mtiseiiiii. According to Flower (P. Z. S, 1875, p. 160). the 
preorbital gland in P. pudu is a distinct invokitioii of tiiickeiied 
integument .... with an aperture half an iiicli in length.” and 
the pedal glands are not represented by distinct pouches, but 
the skill ill the depression between the toes on the dorsal surface 
of all the feet is bare and evidently has a free sebaceous secre- 
tion/’ representing, in the aiitbor s opinion, ‘‘ the most rudimeiitary 
or earliest stage of an interdigital gland” (see p. 978). So far as 
it is possible to form an opinion from this description, it may be 
inferred that the interdigital depression in this aberrant genus 
closely, and it iiiust be admitted surprisingly, resembles that of 
such species as Cemis elajdms or C. ekll. 

Lydekker says both tarsal and metatarsal glands are absent 

Deer of all Lands,’ p, 307), 


The Classification of the Cervidce. 

From the account just given of the cutaneous glands of the 
Deer, it be inferred that I think 8ir Victor Brooke’s classi- 
fication of this family is correct, and Mr, Gordon Cameron’s 
incorrect in the particulars in which it difiers from Brooke’s. 
It is important to refer to this matter, because in Mr, Lydekker’s 
volume on Deer, to which recent authors not unnaturally refer 
as a stanclard work, Brooke’s classification is set aside in favour 
of Cameron’s, which gives primary importance to the antlers as a 
basis for the major divisions of the Gervidae^^X 

Briefly stated, Mr. Cameron classifies the Deer into four 
groups:- — (1) Rmigifer^ with antlers in both sexes; (2) with 
antlers rising laterally on the sides of the skull ; (3) mostly 
American Deer of small or medium size,- termed collectively 
Carmcim, with which are associated Capmolm and Eki-phuriiSj a 
section characterised by “forked” antlens without a l^iwv-tine; 
(4) all the Deer of the Old World, except those mentioned above, 
including Cermm and Cenndus^ wdiich are distingiiislied by antlers 
consisting .of a- “beam,” usually itself branched with a basal 
“brow-tine.” These third and foiutli sections are, however, 
derivable from a common stock, from which licmgifer ancl.AAe 
are eschidecl as “ strangers to' one another and to all other groups 
from the time when , antlers ■ first distinguished the family-”' 
'(The,‘FieM,;i892,,p'.703). 

Rmigi^er is 'considered to be a primitive type on account of The 
occmTence-of antlere in both sexes -and their ea-rly appearance in 

« The ' Field; 1892, pp. 62o, 703, 741, 860. '."In the ‘ Field' for' 19.10, pp. 154, 215 
(July),, this classification was upheld ''by- Mr. Caiiieroii m opposition to the views 
advocated in this- paper nnd snniraari.sed in the *'Fieid;.1910, p. '97"('Jn1y). ' ' 
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tbe j'oiuig. Tills ussiiniptioii I believe to be false. If true, we 
shoiilfl expect to tind antlers of a primitive type in 
This, however, is not claimed, Tlr. Canieron describing’ those of 
the Garibouh-as tlie most specialise!'] of existing antlersT Yet. 
their fiiiidaiiieiital reseoiblance to tiie antlers of tlie Deer, in 
which tliese weapons are well developed, is clear enough; and 
this fact is diiiicuit to explain in conjunction wdtii Mr. Caineiaiivs 
double claim that the antlers of Raiujifer are highly specialised 
and that tbe genus bas followed a line of its own in evolution, 
independent of all existing species. Tlie clmracters of Rangifrr 
are, in iiiy opinion, much more easily interpreted on the hypotiiesis 
tiliat the genus is a specialised representative of the Doi’celapliioe 
(Caiiacine) Deeit 

In the ease of Alce^ tlie lateral direction of tlie antlers is 
admitted]}' a peculiarity ; hut it is as obviously n. dei’ivative, not 
a^primitive, feature. As for tlie antlers themselves, they are, in 
their siin}>le form, clearly referable to the so-called ‘D'orked type’^ 
characteristic of Mr. Cameronrs third section of Deer; and Alctg 
like Ranglfer, may be best interpi'eted as a specialised member of 
that group. 

Mr. Caineron also claims some support for Ids view of the great 
antiquity of these ttvo Deer on the ground of their wide range 
in space ; but although it may he true, very liroadly speaking, 
that types wdiich have a wide range in time liave also a wiile 
range in S|:»ace,’’ tliei'e are probalily no species in tlie 'world to 
wddch this remark applies ivith dess force than it. does to those 
inliabitiiig subarctic' latitudes. For it- is known that in, com- 
paratively , recent g’eological times suharet'ic regions formed ' a 
continuous tra,.ct of land with 'similar physical conditions, offeiing 
no harrier to tlie eastward or westward migration of tlie indigenous 
species adapted to the surround in gs. 

The antlers of Mi*. Cameron's third group (Cariams, Cfapreokis^ 
Elaplinrus) are dei*iva,lde. using his own w'oi’ds, from antlers 
coiisisti-rig of a *• forked beam with e(|ual or suiiequal prongs/’ 
the Yeotropical Giiemal {lIipp€>camelHi^ being cited as an illus- 
tration ; while the antlers of his fourth gTOup 
are derivable from an ‘Dinbranched beam with a true lirow- 
tine.” 

The terminology here employed is apt to confuse the issue. 
It suggests a fundamental difference betwee.ii the two types of 
antlers described, whereas, on 'the face of it, it ajipeais that 
Mr. Game,ron' is describing in different words structures which 
are to all i,nte,iits and pu,rposes identical. An “ unhranched beain 
-with a brow-tine” and a:‘4brked beam’-’ are alike describable 
-as bmmious antlers' consisting of an', anterior a,nd,a posterior 
.prong arising ■.from, a common ■ base, tbe anterior bimich of , the 
.‘"forked beam” corresponding to the /"brow-tine,” and its posterior 
.branch to the so'-called beam.” ■ Until this suggested homology 
he ■ disproved,' Mr. Cameron's' assumption; of the fundamentu',! 
■! diversity of the two types of antlers cannot he i-egardeci other'wise 
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than as an interesting speculation ; and bis eoneliisioiis are open 
to tile criticism of being l>ased upon premises wliicli cannot , on 
tiie evidence, be accepted as fymly established. 

Looking at the antlers of an jidult Eed Deer, Wapiti, Bara- 
siiighsi, Tliameiig, or Japanese Deer, it saeins filesnrd' to claim 
that tlie brow-tine ” is equivalent to the so-called ‘‘ beam ’’ 
which constitutes the rest of the antler. It appears merely to 
be the lowest of the series of branches which arise from the beam 
and to be comparable to those tliat are a.bove it. The accepted 
terminology of the tines bears out this interpretation. I believe, 
nevertheless, that the ‘‘ brow-tine ” and tlie “ l^eain are respec- 
tively tlie anterior and piosterior branclie.s of an originally siil)- 
equally biranious or dicliotoinons antler, like that, for instance, 
of tlie Guemal and that their i*cal equivalence in 

the Deer above- iiaiiied is o]'.>scured hy the immense development 
and complex armature of the posterior l)rancli. It is this growlh 
of the posterior branch at the expense of tlie aiiteiior which 
cliaracteiises tlie antlers of most of the Deei' of the Old World. 
A marked approach to thi.s inequality is seen in tlie Reindeer, 
but in this genus the fundaniental equivalence Ijetween the two 
braiiches is more apparent. Limitations- to tlie growth of the 
anterior branch, are imposed pa-oliably by necessities of feeding. 
If the anterior liraneh projected beyond the muzzle, a Stag could 
not feed with freedom. o.ff the ground ; and even if it were pro- 
longed obliquely upwards over tlie face, it would l'>e a hindrance 
to browsing. jSo such limitations ex.ist in the ease of tiie postei'ior 
bra.nch, 

Support for tlie hypothesis tliat the antlens of tlie so-called 
Ehtphine group were originally iiiramous like tiiose of the 
Gne-mal (Ilippocamelus), and tliat the birainons antler was pre- 
ceded in evolutionary development by an uiibranched antler 
such as is retained in Mazama^ is supplied liy the annual growth 
of an individual antler. The antler first appears as an undivided 
bud correspoiidiiig, I conceive, to the iinbranehed antler of 
Mamma. This bud 'then' gives ■■ofif an ■anterior and a .posterior 
brancli. For a longer or a shorter time these grow with equal 
rapidity, foinniiig a biraii, ions antler which in species with the' 
anterior branch inclined upwards, 'a.s in the Axis, Hanibar, or 
Japanese Deer, ' is shaped' like a- short-stalked Y' resembling, in 
fact,, the permanent antler of the adult Guemal {Hi/pocamMus). 

' These stages .are not 'equally evident in alb Stags. In J/te’Ws. 
itself, for example, the eaily appearance of the bez ^’-tine makes, 
the biramous .appearance of -very short dumtioii'; but' '.in the 
Thanieng or 'PanoliM Deer ■ (C', 'c/Ji) ■ the anterior and posterior 
branches grow at the ■ same rate ■ until the anterior '.branch has. 
reached nearly it's full size. .'Thereafter the posterior' branch 
rapidly surpasses it and', increasing in .length, de'velops' its' siipple- 
meiita..ry. tines, . 

If ■ .this, view' of ' the' fiindamenta!.' .resemhlanee .. .underlying 
the antlers of' all, 'Deer be coiTectjJt minimises 'the difficiilty. of 
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classifying Ekiphurus with the Ela,pliiiie Deer, wiiere Brooke, 
in my opinion, correctly placed it. For, according to tliis reading 
of tlie facts, the antlers otJtJlrq^htiriislv^Ye not passed far be}'ond the 
biraiiioiis stage, seen transitorily but quite clearly in the growing 
antlers of such Deer as Biisa, C. {Panolia) eldi, and others. The 
peculiarities of the antlers of Elaphurtis consist in the lengthening 
of the basal portion, the lengthening and bifurcation of the 
anterior liranch. wdiicli concomitantly lias a strong upwai'd trend 
so as to clear the face, and development of tlie posterior branch 
into a long slender usually undivided tine. 

I suggest this homology of the anterior and posterior branches 
of the antlers of Elapkin'iis with the so-called brow^-tine ” and 

beam” of the antlers of the Elaphine group, because this vStag has 
evidently been tbe stumbling-block in the way of tbe acceptance 
of 'Brooke’s classification both to Mr. Cameron and Mr. Lyclekker. 
The latter, indeed, writes strongly on tbe point. He says : If 
antlers count for anything in classification . . . the genus 
[Ekiphtiriis] has nothing to do with any of the living Old World 
Deer with the exception of the Ptoes, wdiile its alliance with the 
American Deer seems close” (‘Deer of all Lands/ p. 234). Of 
course, antlers count something in classification ; but wdi ether 
they count as nuicli as Mr. Cameron and Mr. Lycleldcer believe is 
quite another matter. In my opinion they do not ; and I think 
the resemblance between Elaj^lmrus and the American Deer, or 
at all events some of them, consists in the fact that the antlers in 
both have been specialised to a compai’atively small extent beyond 
the biraiBous stage, winch wtis, I believe, comiiion to all Deer 
after the one-pi’onged or mazamine -stage, ■was passed. I do not 
think it can be claimed that such a resem.bla-nce is strong evidence 
of affinity. 

Adopting, then, as a basis for the classification of the 
Cerviche the skeletal characters pointed out by M'r. Garrod and 
Bir Tietor Bi-ooke, I give tbe subjoined analytical key of ivlmt 
appear to me to be unquestionably valid genera tested by tbe feet 
and glands alone. Of course, I speak on this point with reserve 
as regards tbe American forms like Hijypoc-mnelm, Bliistocerus^ and, 
E'ucrnms^ wiii-ch I have not seen. Very pjossibly there are moi'e 
genera to come into his section than I have admitted. Of tlie 
.Deer of the Old World I am more confident. It must be remen,i- 
bered, however, that tbe genera of this family liave been establislied 
for the most part upon characters other than those foiiiiing 
the subject-matter of this pa-per, the branching and mode of 
growdh of the antlers -being the .principal one. I have not in all 
.cases made use of these characters because they are wvell knowui 
and have been repeatedly described. .. 

In the preceding' pages I have,; without, prejudice, adopted 'such 
names as Ilyelaphus^ Eucemis, FfmoUa, and. Psetalaxis as con- 
noting groups of subgeneric rank.: I. have, how^ever, no confidence 
in the .'permanent, admission - of any of' them as mibgeixera. . In 
the future they ivill probably be granted full generic , status ; but' 
'this, course or that of. regarding them as -subgenera ora-s synonyms-. 
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of Axis and Cervus will depend upon the views of each iiidiviiloal 
taxonomist. The point I wdsh to emphasise is that the charactei's 
on which they Avere established have not, in 1113^ opiriioii, so high 
?-i systematic value as those to which full generic importance is 
here attached. I do not, for example, think tliat in the future 
Dama A?iU be set doAvn as a subgenus of Cervm^ whateA^er coiinse 
Ilia}' be adopted AAnth regard to Rucervus^ FanoUa, or Fseudaxis. 


e. Distal portion of lateral niietacarpals persistent, iiiteruagual 
integument, wliere known, ttickly hairy. (Telenietacafyaltfj.) . 
h. IS avioulo-eiiboiii and external cmieiform bones of tarsus united; 

mr pedal, tarsal or metatarsal glands 

Xavieulo-cuboid and external cuneiform bones of tarsus 
vSeparated ; pedal glands preseiit at least on the hind feet 
(I in HJucervus, Blastoeems , Mijyocaniehts } ; tarsal or meta- 
tarsal gland, sometimes both, present, 
o. Vomer dividing the posterior iiarial aperture. 
d, Jiliinariuni large ; hoofs iiarrowtn*, tied together posteriorly 
or throughout their posterior half ; pasterns not depressed 
behind. 

e. Metatai-sal gland A'ery long 

e\ Aletatarsal gland normal or absent. 

/. Metatarsal gland present ; a large pocket-like pedal 

gland on the front as well as on the hind foot 

f'. Metatarsal gland absent ; at most a small glandular 
pocket on the front feet (? in Blastocerus and Hijj- 
pficamelns). 

g. Preorbital glands moderately large ; antlers branched . 

Blast ocer u $, M ip poca me! u 

g\ Preorbital glands small ; antlers imbranclied Mazarm. 

d\ No rhinarium, muzzle hairy ; hoofs broad, widely sepa- 
rable at the heels, owing to the anterior p>osition of the 
web ; pedal glands on the hind feet only, and consisting, 
as in Mazavta,jDorcelaphuSi Capreahis, of a deep 
pocket opening high up the pastern ; tarsal and preorbital 

glands large Mangifer. 

c\ Vomer not dividing the posterior nares. 

Ii, Pedal gland either a deep and long interdigital cleft or 
a large pouch with constricted oriiice on the hind foot ; 
rhinarium large ,* no tarsal gkiid. 
i. Pedal gland a large pouch, with constricted orifice 


()|)eniiig high up the pastern ; preorbital gland absent ; 
metatarsal gland present. Ckipreolus. 

Pedal gland a deep interdigital cleft, the hoofs united 
at the heels by a fold of iiitegiiment ; preorbital 
gland present ; metatarsal gland absent Hpdrapijtes. 

Id, Pedal gland a comparatively small invagination situated 
as in Capreolus mid Bangifer; rhinarium very small; 
tarsal and preorbital glands present ; metatarsal gland 
small or absent Alee, 


CXF'KEOLIXJi 

Piiila. 

Etteervus, 
iJoecelaph its. 


flh Proximal portion of lateral metacarpals persistent or occasion- 
ally wanting. {BlesiometacaTpiilia,) CEBViH.n. 

'k. Tarsus with naviculo-ciiboid and cuneiform bones united ; pedal 
gland a deep cleft on the Mnd feet ; hoofs united only at the 

heels CermAus, Elaphodus, 

X’T Tarsus with naviculo-cuboid and cuneiform bones separattHh 
I, Hoofs of hind feet united only at the heels by a clo.se fold of 
skin ; the gland a long and deep hair-lined interdigital 
cleft as in Cervuliis; a moderately deep cleft also on the 

'paaterii' of the front' foot ... , " .Banra. ' ■ ' ■ ’ 

r. Hoofs of hind feet united .almost ■ throughout 'their basal'.' 

' depth by a deep interungual -weh .; "no deep .'cleft on pastern', ', 

' of trout foot., 

m. Pedal gland a long, and '.m'oderately' deep' 'deft, on the 
■ pastern of the hind -feet 5 metata'tsai gland naked, over-,. 

lapped.bj" marginal hairs ...i. ' ' 
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No specialised gland or deep cleft on front or liind iect ; 
metatarsal gland overgrown witli hairs, occasionally 
absent ; internnganl integument nahed. 

71. Rliinariiini. extending some distance beneath the nostrils, 
as in A.xh<t ; tail long. 

0. Tail bushy ; antlers with sliort base, short undivided 
anterior bvancliand long, stout, two-pronged posterior 

branch Uiim, 

o'. Tail tufted; antlers with long base, long, usually 
two-pronged anterior branch, and long, slender, 

usually undivided posterior branch ElapIiKnis. 

Ilhinarium extending cinly a short distance below tlie 
nostril ; tail (cxcei^t in Fsctuhuvis) quite short Verviis. 

Family CAMELIDJ5, 

(Text-%. 142, A, p, 981.) 

glccordiiig’ to OoUby, Camels and Llamas have neither preorbital, 
inguinal, nor interdigital glands. 

i have liad no opportunity of examining fresh examples of 
either specdes of Camelit,% but, according to Max Teinpel, C. drome- 
dariiis has specialised glands in the interdigital cleft of both the 
front and hind feet. In the foot of a Yiciina [Lama vicugna) 
that died in the Gardens I found the pedal glands to be as well 
developed as in some Cervidte, in tlie sense that tlie iotegumeut 
of the iiiterdigital cleft secreted a strong-snielliiig substance. 
The hairs on the front of the pastern passed about halfway down 
the W'alls of the cleft, leaving the deeper half cpiite naked. In 
the specimen examined this naked area, was covei‘ed witii l:)i’own 
sticky substance smelling exa.et]y like the urine of J/«.s WMSculns. 
The depth of this cleft is due to the fact that the integument of 
the back of the pastern, which extends to a point halfway between 
the heel and the nail of the hoof, is closely folded back upon 
itself, forming a shallow but long interdigital web. 

The peculiarity of the foot of the Llama as compared with that 
of the Bovi«ke is the vsmall size of tlie nail and the length of the 
sole ami of the heel as compared with it. Tlie apex and lower 
edges of the nail, however, extend for a short distance on to tlie 
pla.ntar aspect of the foot. 

From the remark in Flower and LydekkeFs ^ Mainmalia ’ (p. 295) 
that there is ‘Sa broad cutaneous pad, forming tbe sole of the 
foot, on ■ wbicli the animal le.sts in walking, iDstea,d of on the 
lioofsA one might be led to infer that the manner of walking in 
the, Clamelidjo difiers: essentially from thah of other Ruminant 
Ungulates in that the latter- walk upon the nails and the former 
'upoii a cutaneous' pad behind the nail. ' This is not the case. All 
the. ruminant Ungulat-es -the' feet of 'which ,I have examined, 
with the,, single, exception of the KHpspringer (Ormtrcnjus), walk 
upon the cutaneous pad forming the *soIe and heel of 'the hoof, 
and upon more or less of the inferior edge and apex of the nail in 
■'.front. ' .The Chmels form’ no ■ exception to, this rule,, the , only 
diteimce'I>ei',n,g tha^^ the small nail .does , not invade the area,,, of 
the, sole - to .anything like the, same extent, and that, the soie'and 
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tlie iieel are contimied farther backwa,rds. In otlier rrords. it is 
only a difierence in the degree of development of tlie parts 
composing the distal portion of the foot. 

As is well known, the plantar area of the 'noof in late fcctal 
and many, perhaps all, newly born Cervidfe and Bovich-e is quite 
soft riglit lip to and in some cases lieyond tlie apes of the nail. 
Tills teiininal portion soon shrivels anr] liarrlens, ami Irtecornes, in 
most cases at all events, indistinguishable from tlie 
portions of the nail, especially externally : but iisnally the line of 
demarcation between the nail and the sole can b.e quite i^asily 
detected, especially on the inner aspect of the hoof. >liMwing that 
the sole, although hard and horny, still persists and !:brm> with 
the heels the inaiii area, of support during progression. The one 
exception to this rule known to me is tlie lv.li{:Kspriiiger, wliicli 
appeal's to snppoib itself entirely npion tlie truncated apex of the 
nail of tlie lioof, with possibly a small piieee of tlie hardened sole 
wedged in the a,ngle formed by the two sides of tlie nail. 

The males both of CamelifS dromedarbis and of (7. haciria-jiiis 
have a pair of well-developed glands on the summit of tlie neck 
just behind the occiput. In the living animal tliese may be easily 
felt as a pair of oval or roiiiidisb lumps lying close together. The 
hair oveilying tliem has no miderwool. In a nialc^ of €, d.t‘ome- 
daritis I liave seen black wateiy secretion running from tliese 
glands and drop}iing off the hairs like sweat. Tliis was in the 
month of June, when the glands of a male C. baeirianus were 
cpiite inactive. In the latter animal the glands were active and 
giving oti* a powei-ful repulsive odour much, earlier in tlie year — 
that is to say, in ]Ma.rch. The smell of the seci’eiioii from the 
glands ill tlie Dromedary was eipiatly repulsive, but i*eininded me 
of no substance in particular. It stains tlie skin of tlie fiiigei's in 
much the same way as walnut-juice does. The position of the 
glands in tlie Dromedary is easily seen- by- the post- occipital patch 
of black Imir. -,I have bad no opportunity of observing tire gland 
in the female Dromedary ; but iu' the ferna-le Ba.ctria.irCamei it is 
Biiicb -smaller than in the male, and never ap[)arent]j noticeably 
active as it is in the Ja--tter when rutting. 


Fmicilirti of the Glands. 

I do not know who lirst propiorinded the theory tlia-t the use- 
-of tlie eutaiieoiis scent-glands in Binniaaiits is to keep the, indi- 
viduals of a species together. As early as 1836 Owen,- discussed 
this ■ view ; but, finding that the glands were present ' in some 
species of Antelopes of solitary habits and absent in 'some gre-' 
garions„,£orms, lie dropped 'this hypothesis as' iinteim.ble'. ,'H'e does 
not appear, however. To liave, nttaohed siifficient iiiipoita-nee- to 
the nintnal need -of discovering each other'- on The "part ' of the 
sexes,' of , soli ta,.ry .species- at ''The hreeding-sea-soii, ' nor to'' the 
■iie-ce,ssity.'Of the mother .and young' being togetlier, at ail.events 
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pericjdiciilly, in tlie course of the day. A hind, for example, which 
leaves her newly dropped fawn in the jungle or bush wiiile she is 
away feeding, must have some means of retracing her steps to tiie 
s|)ot ; and it may well be that she does so by means of tiie scent 
iier own foot-tracks have left. 

Tliis obvious criticism of Owen's reasons for rejecting the 
tlieory lias no doubt suggested itself to others ; for tiie view tliat 
tlie secretion of the scent-glands serves to guide individua.ls of a 
species, whetlier gregarious or not, to one another appears to be 
comm only h eld, and was clearly expressed by Flower and Lydekker 
ill their vmlmiie on the ‘Mammalia’ (pp. 315-316), That the 
secretion from the pedal glands must scent the ground over 
which the animal passes seems clear, for the poucli is commouly 
furnislied witli long hairs projecting from the orifice or the edge of 
tlie orifice, and tlie function of these hairs seems to be to guide the 
secretion dowirwaials between tiie hoofs, Simiiarly the substance 
secreted liy the tarsal, metatarsal, and carpal glands wmuld touch 
against higher herbage, and might leave a taint behind. But 
tlie position of tliese glands suggests that their function is also 
to indicate where the animal has been lying. In the habitual 
i-estiiig attitude of Ruminants, the area below the knee (carpus) 
on both the front legs is pressed to the ground, and in the case 
of the Gervidie the metatarsal gland on the outside of one hind 
leg and the tarsal gland on the inner side of the other in the 
same way come simultaneously into contact with the soil whether 
it be bare or overgrowm yvith vegetation. ISTow the Deer which 
possess these glands on the hindlegs have no inguinal pits or 
knee glands. Conversely the Bovidtie, which have no tarsal or 
nietatarsal glands, not uncommonly possess inguinal pits and 
sometimes knee glands. The suggestion, thei-efore, is obvious 
that the ingiiinal pits of Sheep and many Antelopes, so-called, 
represent fiirictionally the tarsal and metatarsal glands of the Deer 
and scent the gi*ound where the animal has been lying. 

It is clear that the above proposed explanation of the use of 
the inguinal and crural glands applies equally well to species 
which inhabit jungle, plain, sandy desert, or barren mountain 
lieights. It is thei'efore more satisfactory than the view that the 
scent of the secretion is only left behind on the vegetation by the 
animars passage 'through it. Sheep, for example, -whicli possess 
inguinal glands, frequent hilly country, feeding on grass often not 
high enough to reach the inguinal regioin Exce]:)t, therefore, 
when these animals are in a state of repose the secretion of these 
glands can seldom be left beliinci adhering to natural objects. 
It is also likely that one individual can follow another or detect 
his 'whereabouts by' the wafting of the scent , tbi-ongh the air, 
irrespective of contact with the gi'ound. This w^afting of scent 
is probahlythe sole function of the caudal glands of Goats (6%m), 
which can in no circumstances dispose of their secretion by con- 
taet wdth the soil, unless a certain amount of it falls to the ground 
sticking'' to the ; fa?ces. Be it noted, too, ' that t he' • habit .of' turn in g 
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lip the tail in iiiglit, so common in liuminant.s, would expose the 
secretion of these giaiicls to the air. 

It lia,s also been suggested, by Owen for example, that the use 
of the seci'etioii of the pedal glands is lubrication of the lioofs. 
This is possible. The suggestion, however, does not exclude tiie 
explanation advocated above : and it a..ppeai'S to me to be probable 
thfit the function of the secretion of the pedal glaiifls is the same 
as tlijit of the carpal, tarsal, and metatarsal glands, wliich cannot 
l>e for lubrication. In^ this connection it is significant tiiat 
J^Jpyceros and Tetraceros, which have no pedal glaiirls, hiive veiy 
specialised , glands on the liind legs, occurring in the foiiiier aljove 
and ill the latter witliiii the false hoofs, in situations, that is to 
say, where the secretion must taint the srround where the animal 
lies. 

There is a. good deal of evidence tluit the preorbital, gland ha.s U; 
sexual significance, at all events in part. Bennett, for example, 
noticed that an immature example of Antilopje cmicapra had the 
lips of the sinus small and closely applied, so as to" hide entirely 
the internal lining of the sac. In a full-grown animal, on the 
conti'ary, the sac, under tlie infiuence of exeiternent, was everted 
so as to form a projection rathei* than a hollow. At such times 
the animal delighted to rub the sac against any substance offered 
to it, loading it with tlm secretion, %vl'iicli had a slightly urinous 
odour. In a castrate<l individual, believed to be about the same 
age as tlie last, tiie gland, on the contrary, was only developed to 
the same extent as in tlie young male and was never everted as in 
the normal adult l)uck (P.Z. S. 1836, pp. 35-36). Hodgson also 
believed that in the Serow ( Capricoyniis thar) the gland was con- 
nected with the generative organs*’; for he noticed that, in the 
spring especially, a thin viscid secretion was constantly poured out 
fi-om the sinus, and he suggested that this profuse secretion wa-s a 
means of relieving the a>nimal during the time of extraordinary 
excitement to wdiich it is liable in the breeding-season (P. Z.'S. 
1836, p. 39). Max Weber,, moreover, has collected a good deal 
of, evitlence showing that the preorbital gland is better developed 
in the male than in the female of the many species of Antelope. I 
lia,ve noticed this myself in the case of Rciphicerm canipestris and 
Tetraeeros qimdnmrnis. I have also 'observed the glands of the 
latter species enlarge and discharge copiously in the summer, and 
those, of specimens of GazeUa jnififrom and Oeplialopkits florsalis 
to be markedly swollen at that season., I have also seen them 
discharging actively in July in a fe,male example of iSylvkapm 
grinimij and to be quite inactive^ in the same animal in. August. 
Moreover, in some l)eeT{FseMctxis and Riwervus) I have noticed — 
and this, is possibly true of 'all Deer-^thathhe preorbihrl gland is 
.quite ' small ami shallow in the young ' as ' compai*ed, with the 
adult, 'a fact 'waiTaiiting the ■conclusion, that this .gHiid 'attains its 
greatest size and' activity’. with sex.'ual 'maturity...'..' 

But I cannot, on the’ evidence, bring’niyself '.tO’ibelieve that the 
significance of the preorbital gland is 'wholly seximl. ■ ' It is .certain,. 
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for example, that tlie is in some cases uinler the iniluence 

of otlier emotions than that of sexiia.i excitement. A. male Bla.ck- 
bnck. for instance, arlvanciri^ii’ upon a. man witJi hostile inteiifc, tni'iis 
up his tail, ami everts the gland to its fullest extent ; and I lia,ve 
seen fi BamVia.r stag witli ears priekeil, nostiils dalatied, and ghrnd 
completely eveited, gazing intently at a cat crossing tl:ie yard, his 
whole at-titmle forcibly suggestive of curiositY and doul)t 3vitli a. 
strong aihiiixtiire of fejux 

Tiie liabit of rubbing the secretion of the preoidiital gland 
agaiiist the bars of cages or otlier objects was recorded liy Bennett 
of Aiiiihpe certlcapra. by Ogilby* of a species of Gazelle, and liy 
Air. Beddard of Oreolragtts. Ogiiby, indeed, speaks of this act 
as frerjiient. In iny experience it is uncommon. I have only 
noticed sneh liebaviour in one Antelope, an iinmatiure example of 
Alaxweirs iJuiker, wliicli invari.ahly rubbed its gland against my 
proiiered liaiid. exactly .as a cat mbs its mouth and cheek. Con- 
sidering tlie immaturity 6f tlie specimen in question, I cannot 
believe tliat sexual excitement was in any semse the cause of the 
action. It may therefore be tlie case, as Ogilby suggested, that 
I’uhbing tlie crumens against tlie shrubs or stones of their 
desert and mountain habitats . . . may serve to direct [ Aiitelojies l 
in tlieir wanderings and in ignitions, ulien tlie storms and fogs 
incident to such places oli.scure all visible laaidiiiarks.’’ As 
guide -marks, therefore, apj'eal to tlie sense of sight and enable 
the members of a species to follow one anotlier and l^eep 
together when vision is unobstructed, so, it' is believed, do the 
scent-glands described' in- this paper ser\-e tlie same purpose by 
appealing to the sense of smell when, for any I’eason, free vision 
is prohibited. 

It would. ]>e i‘lie, however, to preteml that this liypotliesis 
gives a full explanation of .tlie use of tlie glands. It fails, for 
exai.n];>]e, to account for tlie fact that in many, |>erha[;a all, ca,s(\s 
ea.eli gland emits its own pecnliar scent, as recorded, foi' instance, 
of a Aliintjac {Cerv^jlns) and of a Gazelle (G. dorcas). Tliat 
eacdi scent tells its own tale to otlier memliei’s of tlie s]iecies, it is 
almost impossible to doulh; Imt uliat tlia.t tale may be, I am 
wliolly unable to surmise. 

Ongin and Eroltiiion of the Glands, 

The preorliital glands in all the Cleiwidtu, and in tlie ma.jority of 
Bo.vidte that possess them., consist of an in tegumental tliickeiiing 
forming a, larger or smaller invaginatecl sac, vvhich serves to store 
the' 'Secretion, But, in a of the ■Bovidm, .like the Duikers 
{C€pfiulophiis\, tlie Gnus {CkmnoclHetes and Go?'go)if BufFon’s Ivob 
{xidenota koh), and the Sable AnteIop,e' there 
is no invagiiiation.The 'seeretiim^making.'its way directly to the 
.exposed 'Surface of the skin. 'The simplest type' of preorbital 

, ^ P.'Z.S,,18tO,'p. 9. '’ . 

t 'AfmiiiiudiaJ lilt’ Cambridge ISkitunil Historj, p. 13 (1903). 
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gland known to me is found in Buffoids Koh (Adenoia koh) and 
the Sable Antelope (Hlppotrafjv.s nkjer). Tiie skin of the 
secreting area is merely tliiekeiied' aiid retains its normal liairy 
clotlving. Tlie hairs, however, are long, foianing a tuft or mat 
and ai'e stuck togetiier or hold tlie secretion like a^ scurfy powder. 
It is a natural inference thah all ti.ie preorljitai glands, howev'er 
specialised, arose from simple integuineiital thiekenings, with 
enlarged sebaceous and sweat-glands, resembling in essence that 
found in the Sable Antelope. 

Exactly similar to this and etiually simple in structime are tlie 
eai*pal or knee-glainis of some Antelopes, like Gazelles and their 
allies, and of some Sheep, the tai'sal or hoek-glaiids of trie Tele- 
metacai'pal Cervicke, and also the metat.arsal glands of Deer 
belonging to both the divisions of tliis family. In some species 
of r)eer(J,.i,‘es’ axk and the glandular area itself is naked 

and is overlapped l>y a fringe of long iiaii-s surrounding it. 
A further stage in the evolution of tliis kind of leg-gland is 
found in tlie Pallah {^Epyceros)^ whei-e tlie gland iila,r layer is 
restricted to the periphery of tlie area, foi-rniiig an elevated ridge 
round it. the secretion aecnmulating on tlie sniotvth skin thus 
circumscrilied. 

In eonneetioii with the inguinal glands it is noticealile tliat 
they are iiiitimately connected witii the maniime. In tlie iiiaiorit-y 
of cases tlieir orilices are situated close to those organs, and the 
deepest |.)fu"t of the pocbet actually overlies them ; and when, a-s 
ill Emiidolops tlie oridce is reinote from tlie maiiiina on eacdi 
side, tlie invagination is elongated s<i as to extend inwards as far 
as the area overlying the mamma. Again, two pairs of inguinal 
pouches are found only in, species wliieli have two piiirs of fimctioiial 
mammm [Tragela plats, diedanca). 

Tliese facts suggest tliat the secretion found in tlie inguinal 
sacs is derived aetiially from tlie mammaTV glands. This I 
believe to be tlie ca.se ; and the view is corroliorated to a .certain 
extent hr the fa,ct that the seei'etion in the sacs not luieoimiionlj 
lias an unmistakable odour of cream-elieese, or sour milk. Tlie 
presence of inguinal, glands in . both sexes cannot be alleged 
as an objection to .this supposition ;■ for mammary glands are, 
found .:in males as -well as in females, although they are normally 
inoperative in .tlie former. 

it seems to me tha.t for the origin of the pedal glands we in.iist' 
look to one of two processes: that is to say, they liave either arisen 
as invaginations of the int.erdigital integTiment of a more or less 
fill lyxvehbed corn-pact foot, such .as is seen in Bos, Timroiragus^^ 
APavitJiolo'pSy^ xEpyceros^ and others; or they 'are the .remnants, 
larger or smaller aecoixling to the genus,,of 'a '' primitive, in ter- 
d,igital space. 

.The former explanation appears at. first' sight;, to .be., tlie more 
probable; and ■ from the remark .made ,■ by Fknver as. to the- 

B.iit not in iramatnre. examples, of 
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seemingly' pri'niitive iiutiu’e of tliis gland in Pudti^ I infer tha.t 
tills was the view he held. If this he so, the shallow or short 
|}0€tket seen in such genera, for example, as Alce^ Redunccty anrl 
Fseudfjis preceded, in an evolutionary sense, the well-developed 
gland possessed, respectively by such genera as Ckvpreolus^ Fdea^ 
and Ovis. Further, it will follow as a possibility, perhaps a.s a 
probability, that the pedal glands have been developed inde- 
peiideiitly more than once in various groups of Bovida?. and 
€ler\uhhe ; and that the genera within these families characterised 
by ptrsterns without any intei-digitai space have an earlier foini of 
foot than those in which such a cleft is found : that the hind foot 
of Cervm'^ for instance, to take a concrete case, is more primitive 
than that of Bamci. 

I believe this view' to he erroneous; for everything w^e know of the 
evolution of the feet in Ruminantia points to the conclusion that 
their structural peculiarities are due to descent from four-toed feet 
with the phalanges separated to a greater or less extent. Gra.dually 
the lateral digits became shortened, raised from the ground, and 
practically functionless so far as affording support to tlie body was 
coiicernecL The w'eight was borne by the tw'o middle toes, which 
becanie gradually sti'engtliened for the purpose by the extensio'n 
of the integument between them. X ow when Mammalia of other 
groups develop an interdigital integnment or web,” this web 
always, I believe, extends along the posterior or inferior aspect of 
the toes, leaving more or less of a cleft between them in front or 
above. This is w^ell shown in such forms as Zittra and the Canidte 
and ill various amphibious genera of Rodents and of other orders. 
For these reasons I believe that the earliest type of Ruminant 
foot is tlmt in which the inte.rdigital web consists of a fold of 
integument extending along the back of the pastern only, lea.virig 
a w'ide and deep depression betiveen tbe bones above the hoofs in 
front. But when tivo surfaces of skin are opposed to form a 
cavity or crease, conditions favouring the activity of the skiii- 
glands, oi‘ at all events conditions preventing the evaporation of 
integumeiital secretions, are set up. Hence, in a foot with a 
posterior web holding the digits together behind and a cleft 
betw'een tlieni in front, we have conditions conducive to the 
development of a scent -gland ; and I conceive that it ivas from a 
foot of this structure, containing a potential pedal gland, that the 
various types of feet of the Ruminantia., w’hetlier containing 
glands or not, have been deiived, and that the glandular piockets, 
whether large or. s,inall, .are the remnants, specialised for the 
se,cretioii of ' scented .material, of a primitive anterior interdigital 
cleft. 

This .conception ' seems to me to, supply the most 'satisfactory 
explanation of the prevalence and 'diversity of the pedal glands of 
■the 'Riiiiiinantia, all the glands’ being thus traceable to a"^common 
origin. , 

Of existing forms of this group the most primitive type of foot 
iS'.fcnirid in tlie Tragulina, itself a primitive group combining. 
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cliaracters of the Suidie, the Camelidie, and the Gervidje. In 
specimens of TraguliLS stanleymius (or an allied form) and of 
T. memmina^ which lived in the Gardens, I find that the web on 
the posterior side of the pastern consists of a foil of skin wliicli 
stops short at a- point about halfway between the false hoofs and 
the heels ; the back of the pastern is. open in its lower lialf, anti 
its front is marked with a long triangular depi*essioii, the ape.x of 
which extends up to the level of the false hoofs. 


Text-fig. 141. 



D 


A. Median vertical section of foot of ill a; »«. 

JL Anterior aspect of foot of . 7. 

0. Median vertical section of foot of 
I). The same of Fhacochmrtis^ 

These feet, are the only ones known, tO; me amongst, the 
Eiiniiiiantia in Avhicli the web' ceases behind' far above the 'heels; 
The inner walls of the two digits of '.the -pastern are -clothed .with' 
hair, which is short and scanty 'in T, sUmkymimf lQJigeV' nJid less- 
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sciuity ill T. memmnof.- : hut I could detect no trace of any 
secreiioii iiidica.tiiig special activity of the skin-glands of tlie 
siii-faces ill qaestion. 

Ill the (t-iineliikn, as exeniplilied ly LauKi vicugna, tlie foot is 
more specialiseii with respect to tlie extension of the web to a 
point lialfu’av between tlie heel a.ml the nail of the Iioof ; Init the 
anterior ilepression on the pastern is veiy deep and long and 
glandular in its deeper portion, and tlie nail is sinalL (Text-%„ 
14‘2, A.) ■ 

Still more specialised is tlie foot in the Suidai; for although 
there is a deeper or shallower depression on the front of tlie 
pastern, adniitting of eonsideralile distension of tlie lioof. the 
iinterior and posterior walls of the pastern are widely separated 
ainl there is a strong <leep interlingual union extending forwards 
from the heels to a greater or less extent according to the 
species. In a' Peccary {Dlcoij/les collaris) tlie heels were separalile 
and the iuteriingiud luiion shorter and the anterior depression 
sleeper tliaii in a in wldeh tdie depression 

was quite shallow and the interlingual union long in coiiij)arisoii 
(text-fig*. 142j B, I)). In the foot of the Wart-Hog, inoreoi’'er, 
which wa.s kindly given to me by Rowland AY ard, there wa.s an actual 
iiorny union beHveen tlie heels, whicli were thus quite inseparable. 
In both these species tlie iiiteruiigual area was quite smooth ; 
but I detected no trace of specialised glands t. 

Reverting once more to the Ruminantia, I find,'as is not sur- 
prising, that tlie foot of the Musk-Deer (d/oscA-i/s) conies nearest to 
that of Tragtdm, Tlie. pastern-web of Moschim nearly readies 
the lieels of the lioofs Init not quite ; tlie feet indeed, apart from 
the wealth of hair tlmt clothes tliem, fire like those of' Tragrdus, 
but very niiicli shortened and having tlie glands of tlie depression 
active. 

It is only a sliort step from the foot of Mosehifs to the liind 
foe?t of IJaniM or £laphoda.s. the elnef difference lieing tliat in 
these Deer the pastern-web extends right downto tlie Iieels, tying 


* 111 T. si.anJeimmis also tlie skiu of the back of tlie ptisteni is eoriaciHius and 
visible tbrougb the bairs, wliieh are as scanty as ou the inner surface of this part ; 
whereas ill T. aiewmiw the skin is invisible on tlie back of the iiastern when tlie 
liaii"S are iiiidistiirbed, 1 have not investigated tlie siihiiiandibular glands of 
Traffiflns. 

t The secretion of the dorsal gland in both species of Peccary has a strong and 
pungent odour, like eoncentrated luiniau perspiration. It may not be witliout 
significance tliat the scent of the South Auiuricau Tree Porcupines {Coendu. I'iKosns 
midpreliensiJis) is exactly the same, as I have already' recorded <'P. Z. S. IbOS, p. 946). 
And .since this scent has.^I believe, a wiwning siguificauce in the Poreuiiines, it iriay 
be that we have here an instance of rnimiorr, Batesiaii or Mullerian, in smell. On 
the other hand, the function of the gland iu the Peccary may serve the purpose 
merely of keeping tlie inenihers of the herd' together. Owen’s figure and description 
of this dorsal gland in, the Peccary are not very satisfactory. Ho describes and 
figures the gland as opening by an orifice iu the raid-line of the back, without 
mentioning any nipple (‘ Auatomy of Vertebrates,’ hi. p. 635, 1868). Possibly his 
preparation was not .inacle from fresh material, for i,u the specimens I have 
examined tlie gland was marked externally by a conspicuous upstanding nipiile. 
This was traversed by a, central duct dipping into the ' lobular fat-like tissue of the 
gland. ' When the gla,nd was squeezed,' fiuid secretion could he e,asily made to 'exude 
from, the orifice at the summit of the nipple. (Text-fig. 142, C.) , ' ' 
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tliem tiglitly together ; and the upper portion of the"^ inter digital 
cleft in front is deepened, showing the beginning of the differ- 
entiation of tlie glandular pouch. Hardly more advanced is the 
hind foot of the Mnntjacs of the genus Gertmliis^ except that in 
C. muntjac part of the glandular area is markedly more pocket- 
like. A further stage is exemplified by the hind foot of the Hog- 
Deer (A, po7'cimLs) and of the Axis Deer (A. acds), where the web 


Text-fig. 142, 



c 


A. Median vertical section of foot of Zama vicugna ; ql., glandular area 

B. Anterior aspect of foot of Bicotyles coUaris: 

C. Median vertical section of dorsal gland of the same. 

D. Anterior aspect of foot of Zhacockocrm^ 


extends further forwards from the heels, holding the hoofs more 
securely and tightly together, the interdigital cleft being shallower 
owing to the greater space between the anterior and posterior 
walls of the pastern-web. It is quite easy to imagine the steps 
by which the comparatively narrow pocket-like gland of Mazama. 
tervulus, and Rangifer has been derived from a much longer and 

pROC. Zoot. Soc.— 1910, No. LXIV. 64 



982 


ME* E. I. POCOCK ON THE 


[June 14j 


shallower glandular depression such as is seen in A, axis and 
1. pordnus] and also on the other side how by the gradual 
shallowing of the depression in the feet of these last-named species 
the condition of things found in the feet of tlie Ked Deer ((7. 
•elaphm) and its allies has been reached. 

I do not any means wish to suggest that the species named 
stand in tiie exact line of descent to one another ; but I do tliink 
it probable that their pedal glands represent approximately the 
stages through which the various types of pedal glands met with 
in the Oervidse have passed in their evolution. 

Similar stages in the gradual obliteration of the interdigital space 
accompanied by the evolution of differentiated pedal glands and 
their final suppression may be ti'aced in the Bovidaa. In Madoqim^ 
IlaphiceruSj and Cephalophus^ for instance, the digits of the pastern 
are held together by a long and close fold of integuiuent constituting 
a -web which extends down or nearly downi to the heels ; the anterior 
skin of this fold forms the posterior w^all of the glandular inter- 
digital cleft, as in Cei'vulus and Dama. This cleft is at first open 
below between the hoofs and remains so in Madoqua and Cepha- 
lophus. But in both these genera, as well as in RapJdoeriis and 
Borcotragus^ the orifice of the cleft is shortened to a greater or less 
•extent, according to the species, by the downward extension 
towards the hoofs of the folded integument of the anterior 
surface of the pastern, forming a longer or shorter anterior wall 
to the enclosed glandular space. Another simple modification is 
?seen in the Gazelles, in which, while the orifice of the cleft I'etains 
.'almost unchanged in its original length, its inferior portion is 
•closed and shut off from the interungual space by the anterior 
•extension of the posterior web from the heels to the front of the 
hoof. Practically the same structural change has taken place in 
the Oribi and in the Hartebeests [Buhalis^ DamaMsms), 

•except that in Biihalis the anterior web overlaps the cavity to a 
considerable extent above and in front. 

The adult White-tailed Gnu {Connochmtes g7m) exhibits a, 
further stage in the evolution of the gland seen in the Hartebeest, 
the oiifice of the cleft being still more shortened and the posterior 
iiitegumental web not so closely folded. A further stage in the 
closing up of the orifice of the cleft is exemplified by the feet of 
Oryx heisa ; and tliis is follow'ed by the reduction of the orifice 
to a small circular aperture as in Hippotragus, Pelm, N'mno^died'US^. 
and Ovis; the final stage, sometimes certainly and always probably 
of sporadic oceiUTence within the limits of a species, being the 
retention of merely the orifice and part of the duct of the gland 
as in Redimca^ Capra^ Hemitragus, and Rseudois, 

If this be the correct view of the evolution of the feet, there must 
be some reason or reasons for the disappearance of interdigital 
clefts. It seems certain that large intei^digital clefts must be a 
source of weakness to the feet. Although a foot with its tivo 
component digits united by a close fold of integument extending 
from the heels up the back of the pastern is more suitable, on 
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account of its distensibility, for progression over soft and yielding 
ground than a foot with its component digits united by skin 
■extending forwards from the heels to the front of the hoofs and 
restricting their separation, it is obviously less well adapted for 
£;upporting heavy weight, for speedy propulsion over hard 
unyielding ground, and for resisting the impact of a downward 
leap on a mountain side, on account of the liability to rupture of 
the integument under the strain put upon it. 

Strengthening the feet, then, has probably been one of the 
factors, perhaps the principal factor, that has operated in favour 
of the reduction in size or total disappearance of the interdigitai 
■clefts. This theory helps to an understanding of the fact that, 
broadly speaking, large and heavily built Bum inants have small 
interdigitai clefts or none, and that large interdigitai clefts are for 
the most part found only in small animals. There are several 
marked exceptions to this, however, and no doubt other factors 
than the one suggested have influenced the formation of the feet, 
such as the use or uselessness of pedal scent-glands. For example, 
large Ruminants are much more easily kept in vie%v by members 
of their own species than small ones; or, if they live in thick bush, 
are more easily followed by hearing as they crash away in a 
.state of panic through the vegetation. Of these and other matters, 
however, we shall never have full kiiowdedge until our information 
is much more exact than it is at present wdth respect to the senses 
.and to the bionomics of the species concerned. 

In the light of the above-made suggestions, the following con- 
isiderations are worth bearing in mind : — 

1. Giraffes are large, heavily built animals living in open wood- 
land country and gallop with speed over rough uneven ground. 
The feet are compactly built and without interdigitai clefts. 
‘The great height of Giraffes gives them considerable range of vision, 
enabling stragglers to keep with the rest of the herd. They can, 
moreover, only with difficulty and delay reach the ground with 
their nostrils. Hence specialised pedal scent-glands would be of 
little use to them for tracking. 

2. All the species of Bos are heavily built, mostly large animals 
with thick legs. They live either in the open or in jungle or bush, 
;and can be followed either by sight or by the sound they make 
passing tliroiigh the foliage. The same applies to the Musk-Ox 
and to Tmwot7xigus, 

3. The Oryginai {llippotTagm, are also Antelopes of large 

or medium size and considerable weight. The interdigitai cleft is 
reduced to a gland with a small orifice, which is the only break in 
the continuity of the integument of the anterior siirface of the 
pastern ; and the orifice is smaller in the larger HippoPmg'US than 
in the smaller Oryx. 

4. In the Bubalime, large or medium-sized Antelopes, although 
the interdigitai cleft is large and highly glandular on the front 
feet, it is reduced to a shallow depression on the hind feet. It is 
in the hind limbs that the galloping po-wer principally lies ; and 

: , 64 ^ ' 
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some of the Hartebeests, the Sassaby {BamaUscusllunaius)^ for 
exaBiple^ are extraordinarily fleet of foot. 

5. In the Oervicapriiije, the larger species of Kohiis and Adenota 
have no iiiterdigital clefts or glands ; only in the comparatively 
small and lightly built genus Pelea are the clefts retained in the 
form of saccular glands with a small orifice. 

6. All the Duikers (Cephalophinse) are of small or very small 
size and live in the forest on soft yielding ground or in fairly open 
country overgrown with scrub. They have large interdigital 
clefts and pedal glands, the scent of which is probably useful for 
ti^acking individuals concealed by the bush, through which they 
dive away when alarmed. 

7. The Neotraginse {PapMcerus, Madoqua, Otirehia) are also of 
small size and lightly built, and mostly frequent country overgrown 
with bush or scrub. They have large interdigital clefts and glands, 
by means of which one individual could silently follow by scent 
another hidden from view. JDorcoiragiis, on the contrary, lives 
on rocky hill-sides and has the hoofs shortened to lessen their 
spread at the tips, the heel-tie thickened to hold them tightly 
together, and the sole and heel modified to form a soft pad to 
break the force of a leap and prevent slipping, the interdigital 
cleft and gland being at the same time retained. 

8. The EUipspringer [Oreotragus), commonly believed to be 
related to the Neotraginse, although of small size and light weight, 
has lost the interdigitai clefts. His habitat is rocky crags, where 
he leaps surefootedly from point to point, the hoofs although 
separable being firml}^ bound together by the thick interungual 
integument. 

9. All the Antilopinee (Gazelh, Aniilope^ Antidorcas) live in the 
plains or more or less open country. They are, on the average, of 
small size, although larger than the IlTeotraginge, and of light build, 
and depend for safety upon their great speed in the open. 
Although the interdigitai clefts are large, the hoofs are held 
together by a fold of integument running forwards from the heels 
and restricting their spread to a greater extent than in the Copha- 
lopbinfe and, on the average, than in the Neotraginje. 

10. I do not know why Ammodorcas has lost and Lithocranms 
has retained the interdigitai clefts, unless the explanation may 
be sought in the totally different modes of progression of the 
two Antelopes, which more than one observer has recorded. 
Lithoermims runs with a skulking action, ducking under the 
bush, with the head stretched forwards; Ammodorcas, on the 
contrary, moves with a bold stepping action, bolding tail and 
neck erect. This at least suggests that the Dibatag is more 
easily kept in view by its companions than the Gerenuk, and has 
therefore less need of pedal scent-glands to indicate the direction 
taken. ' 

11. In the Caprine the only wild forms which possess well- 

developed pedal glands belong to the genus Ovis, the others (Ammo- 
tragus, Fsmdois, Emiiiragm, and being without them. 

The latter difier markedly from Sheep in superior activity and in 
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tlieir comparatively greater leaping powers, attributes wliicli are 
correlated with a difference of habitat, the Goats and their allies 
habitually frequenting precipitous exposed rocky hill- sides or 
mountain heights rather than elevated plateaus intersected by 
ravines where Sheep are to be found. It seems to me probable 
that the ground frequented by Sheep is better adapted by its 
vegetation for holding the scent of the foot-glands and perhaps 
affords more cover for concealment, requiring tracking by scent, 
than the bare exposed situations to which the other genera are 
adapted. 

12. In the Eupicaprinee well -developed foot-glands occur in 
Ribpicapi'a^ jSfcBmorheclits^ and Capricornis. The last two never 
seem to be found far from mountain forests, where individuals 
may easily lose sight of each other and need scent-glands to keep 
together. Although possessed of considerable activity and skill 
in covering rough ground at speed, they have not the climbing 
or leaping power of Goats. In this respect Chamois appear to 
equal Goats, and they have their feet strengthened by the for- 
ward extension of the interungual web, while retaining pedal 
glands which are useful perhaps in the mountain forests, where 
at certain times of the year Chamois resort. Although not 
apparently gifted with special activity or leaping power, Oreamnos 
inhabits localities right away from forests and bare of all but 
the scantiest vegetation. In this particular, as in the structure of 
their feet, they closely resemble Goats. Somewhat of a mountain- 
forest dweller like Nannorhedus and Capricornis^ Budorcas is never- 
theless a comparatively inactive animal of large size and heavy 
build, requiring strong feet to can-y his wmight up and down the 
mountain-side. 

13. In the Cervidae, also, small and medium-sized animals have 

on the average larger interdigital clefts and more capacious glands 
than large animals. Yery deep and long clefts with highly 
developed glands are found, for instance, only in small forms like 
Sydropotes, Cervuhis, and JSlaphodtcs and in the medium-sized 
Bmna, Shallower but equally long clefts occur in the small 
MyelapAus and the medium- sized Axis, the much larger Rime, 
■which is allied to both these genera, being devoid of tbeni, as also 
are all the large Deer of the Old Woidd. In the Teleinetacarpal 
Deer, setting aside Mydropotes, there is almost always, so far as is 
known, a large pouch -like gland in the hind foot in genera 
ranging in size from the small to the large Rangifer, two 

exceptions being the diminutive Fiidu, in which the glands are 
aborted, and the giant A Zee, in which the gland is considerably 
reduced. 

Yery little is unfortunately known about the habitat of Piidu 
beyond the fact that it has been recorded from Ecuador and 
the Chilian Ancles and appears to live normally at tolerably high 
altitudes. From its compactly built feet, I infer that this little 
Deer frequents hard or stony ground requiring firmly wielded 
hoofs. If this be so, we find a reason for the disappearance of 
the glandular pouch in the feet found in its ally 
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if there is any trutli in the supposition that such pouches are a 
source of weakness. 

■Ill the case of ^4 the nearly vestigial nature of the pedal 
gland is accompanied by two features in this genus which have 
an interesting bearing on the suggestions here put forward to 
account for the retention or loss of interdigital clefts and glands. 
In the first place, this Deer is of great stature and weight, the 
latter requiring strong feet for support and the former making 
concealment from sight, involving the necessity of tracking by 
scent, less likely than in the case of smaller animals. In 
the second place, length of limb is correlated with shortness of 
neck, so that the Moose can only with difficulty reach the ground 
with its nose. Scent-tracks left by the feet, therefore, would be 
of comparative!}^ little use in enabling one Moose to find another. 

No Deer known to me have such strongly built completely 
webbed feet as are found in the large Bovid^e like Taurotragus 
and Bos, or indeed as in some of the smaller memhei'S of that family, 
like Tetraceriis and Oreob'cigus. Generally speaking, thei-e is a 
greater tendency towards plantigradism and there is nearly always 
a more marked depression on the front of the pastern. This is to 
be attributed, I suppose, to the circumstance tiiat Deer are for the 
most part denizens of woodland country, woods, jungle, or sw^amps, 
where the soil is usually softish and yielding. This brings us to 
the fact, otherwise perhaps seemingly opposed to the suggestion 
here made as to the cause conducing to the suppression of the 
pedal gland in the hind foot, that a large and heavily built animal 
like the Reindeer none the less retains a W' ell-developed glandular 
pouch. The Reindeer, however, has a foot eminently adapted for 
travei'sing soft ground, whether it be snow or swamp, and does not 
require a foot of such strength as to call for the suppression of 
the glandular pouch. 

That the Cervid^, like the Bovidje, originally possessed inter- 
digital clefts and glands on the front as well as on the hind feet is 
probable on general gimmds, and also from the fact that a gland 
is retained on the front foot in a state of greater or lesser 
development in some American Deer, wffiile a moderately deep 
cleft is present on the front foot of Bama. The only suggestion I 
can at present make to account for the greater compactness of the 
fore feet as compared with the hind feet is the fact that all 
Deer, I believe, both stags and hinds, commonly use their fore feet 
both in attack and defence, dealing blows -with great precision, 
swiftness, and strength. This I have myself witnessed on more 
than one occasion. For such a purpose it seems obvious that 
a strongly built foot is reqxiired. 

These brief comments on the bionomics of Ruminants indicate 
in a general way the lines along which research, likely to lead to a 
better understanding of the structure of the feet and the reasons 
for the retention or loss of the pedal glands, may probably, I 
think, he pursiied with profit 



1910.] 


ON A WAPITI AND A MUNTJAC. 


987 


2. On a Wapiti and a Muntjac. 

By R. Lydekker *. 

[Received May 4, 1910,] 

(Text-figures 143 & 144.) 

The Wapiti {Cervus canadensis xmrdi^ subsp. n.). 

A few weeks ago the E-ev. W. K, Fergusson, a missionary in 
Sze~chuen, returned from China, bringing with him a small 
collection of Mammals from that pi'ovince and Tibet, among 
them being a skin of jEluropus and a pair of antlers of the 
Sze-chiien Sambar imiroZar The collection also 

included two shed antlers of an adult Wapiti (text-fig. 143), which 
may or may not be a real pair, although from the fact that 
neither is quite symmetrical in form and size with its fellow, 
while one is redder than the other, there seems considerable 
probability that the two are not naturally associated. These 
antlers, I was informed at the outset, came from Tibet, and, 
owing to the fact that Wapiti and other antlers (although 
generally, if not invariably, in the velvet) constitute an im- 
portant article of expox't from the Altai and elsewdiere to China, 
I was naturally suspicious — especially as Wapiti have been 
hitherto unknown to exist on the southern side of the Gobi — 
that Mr, Fergusson’s specimens might have been imported into 
Tibet. 

Enquiries were accordingly made from tbeir owner as to the 
history of the specimens, to which Mr. Fergusson replied as 
follows : — 

“ As you are no doubt aware, the native haunts of the Parti- 
coloured Bear {^l'V/ropi(£) are in the dwarf bamboo and rhodo- 
dendron forests so abundant in Sze-chuen at an elevation of from 
9000 to 11,000 feet above sea-level. The Beer you identify as 
Wapiti inhabit the region just above the tree-line ; I have never 
shot one myself in these regions, yet I have it on good aiithority 
that they have been obtained. The specimen sent to you I 
obtained from a native hunter within fifty miles of the place 
where the Parti-coloured Bear Was shot. The Beer, of course, 
never enter the bamboo-thickets in which the Bear makes its 
home, but graze on the grassy plains beyond.’^ 

Although the Beer referred to by Mr. Fergusson may have 
been the so-called White Beer or 8ze-chuen Hangul described 
by myself in the Society’s ‘Proceedings’ for 1909 (p. 588) as 
Cervus cashmirkmms macneillif, the late Mr. J, W. Brooke 
referred to another and apparently larger Beer as inhabiting the 
Sze-chuen frontier, and there accordingly seems to be a proba- 
bility that the stoxy told by the native hunter to Mr. Fei’gusson 

# FuWislied by permission of the Trustees of the British Museum, 
f Since this paper was written, Major McNeill has informed me that the specimen 
was shot on the Tibetan side of the border. 
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may be true ; the fact that the antlers are shed, and perhaps odd 
ones, by no means necessarily discrediting the narrative. 


Text-fig. 143. 



That a representative of the Wapiti should be found on the 
mountains to the southward of the Gobi Desert is rendered 
probable— or, at all events, not improbable — by the case of the 
Argali Sheep (Or fa whose distribution {ii poli and the 

other allied forms be regarded as local I'aces) surrounds the Gobi. 
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Here it is my pleasant duty to record an act of special liberality 
on tbe part of Mr. Rowland Ward, F.Z.S., %vho, when their 
interest was brought to his notice, purchased the two antlers and 
presented them to the British Museum. 

As is apparent from the text- figure, the antlers are unmistak- 
ably those of a Wapiti, and are somewhat inferior in point of 
size to the pair surmounting a specimen of the Tian Shan race 
exhibited in the Natural History Museum. Satisfactorily to 
distinguish some of the races of Wapiti by their antlers alone, 
I find an exceedingly difficult, if not actually impossible, task. 
Nevertheless, when the antlers forming the subject of this paper 
are placed alongside Wapiti antlers from the Altai and Tian 
Shan, it will be found that they difier in certain small details 
from all ; although such slight difierences are almost impossible 
to describe. One recognisable feature seems, however, to he the 
narrowness of the terminal fork, as compared with that of a 
Tian Shan Wapiti, 

If I am right in regarding these antlers as indicating the 
existence of a Tibetan Wapiti, it is a practical certainty that this 
animal will represent a race by itself ; and although I am not at 
present in a position to define it, I venture to propose the name 
of imrdi for this presumed new race, in honour 

of the donor of the type specimen. 

The Muxtjac (Cervulm hndgemani Lydekker, Abstract 
P.Z. S. 1910, p. 38). 

Passing on to the subject of the second part of this paper, I 
have first of all to express my thanks to Lieut, the Hon. R. 0. B. 
Bridgeman, R.N., P.Z.S., for submitting to me a series of skins and 
skulls of Muntjacs from the An-wei distiuct of Western China, 
•obtained by himself during a shooting trip. Mr. Bridgeman is 
of opinion that there are three distinct kinds of Muntjac in 
An-wei, which he calls the red, the black, and the yellow or tawny ; 
the last being the smallest. 

Of these, the so-called red species is identified, and rightly, by 
Mr. Bridgeman with acteenV which appears to be distin- 

guished from (7. lackrgmmis of Sze-chuen by the more marked 
contrast between the yellow of the head and the rufous or olive 
of the neck. Both are characterised by the absence of a dark 
nuchal stripe ; while in sctom, at any rate, the young are 
spotted, instead of uniformly coloured as in reerm*. The backs 
of the ears are, I believe, yellow in both sexes. In An-wei 
sdateri is the common species. 

With regard to Mr. Bridgeman’s yellow species/^ in which 
the whole tone of the coat is yellowish olive, with yellow^ speckles 
on the hair, I take this to be near akin to 6^. which is, 

however, described as being typically reddish chestnut speckled 

^ The complete account of tliis new species appears here ; but tbe name and a 
preHmiuarj description were published in tbe ‘ Abstract/ No. 86, 1910. 
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with yellowish grey, A moniited specimen in the Museum, is 
darker, with I'lifoiis speckles, which almost disappear on the hind- 
quarters. All show a dark nape-stripe. 

Mr. Bridgeman’s yellow Miintjac agrees with reevesi iii the 
relatively small degree of divergence of the antler-pedicles (text- 
fig. 144, A), the great size of the laclirymal fossa,, and the presence 
of a distinct outer lateral prominence on the nasals where they 
first come into contact with the maxillau 


Text-fig. 144. 



A ,,, . . B. 

Skulls of Chiuese Muntjacs. 

A. Cermlus reevesi (?). B. Oej-imltis hrklgemani. 


In the male skin the back of the ears is covered with yellow 
hairs, whereas in the female the hairs on this part are blackish.. 
No such difference appears to have been described between the 
ears of the two sexes of reevesi ; but this may possibly have been 
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overlooked. For the present, at any rate, I must leave this 
yellow Miiiitjac without a definite name, suggesting, however, 
that it is a local race of reevesi. 

Of the black, or, as it might preferably be called, the brown 
Muntjac, Mr. Bridgeman has sent home the skins and skulls of 
several specimens of both sexes. The general t3^pe of colouring 
of the fur of the upper parts is the same as in the yellow Muntjac, 
but the tint is much darker. In the male the fur is blackish 
brown, with the hairs on the middle line of the back and the 
whole of the rump faintly ringed with yellow. In the female 
the yellow rings on the hairs are more numerous and brighter in 
colour, while the annulated area extends down to the flanks, so 
that the whole body is gold-speckled. In both sexes there is a 
dark nuchal stripe; and in the female, like that of reevesi, the 
black frontal lines unite into a broad patch between the ears^ 
which is continued as the nuchal stripe. In the, female the 
ears are black externally, whereas in the males they are yellow, 
although with the basal half black in one example. 

The skull (text-fig. 144, B), while agreeing with that of the 
yellow Muntjac in the great size of the lachrymal fossa, differs, 
in many instances, at any rate, by the greater divergence of the 
antler-pedicles, and the invariable absence of any clistiuct lateral 
projection on the nasals where they first come into contact with 
the maxillse. 

This Muntjac appears to be a new form, which I propose to 
regard as a species, with the name of C. hridgemani, although 
it may be only a larger race of reevesi. The mounted female 
presented to the Museum by Mr. Bridgeman is the type. The 
height of this specimen is 19 inches, and when freshly killed its 
weight was 29 lbs. 

These bi’own Miintjacs live normally at a high elevation in the 
Wei-Yas Shan Mountains of An-wei; and descend to the low 
grounds only during spells of exceptional cold in mid- winter. 
Information of their existence was given to Mr. Bridgeman by 
Mr. Charles Maguire, a mining agent in An-wei ; and the donor 
suggested that the species should be named after that gentleman, 
although this appeared to me, on the whole, inadvisable 

These Mimtjacs belong to the typical group of the genus, in 
which the upper surface of the tail is chestnut: but in their 
generally dark colour, and especially in the black ears of the female, 
they foi'm in some degree a transition to the plum-coloured 
gi'oiip, in which the upper surface of the tail is dai'k ; the next 
connecting species being C. feee of Tenasserim, which lacks the 
head-crest of the Chinese and the allied genus 

Elaphodus. 

It may be added that 1 have given preliminary notices-— without 
specific names — of both the Wapiti and the Muntjac in the 
^ Field ^ newspaper for April 1910. 

^ A male skin shot by Mr. Maguire was received at the British Museum after 
this paper was read. 
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3® On Three African Buffaloes, 

By R. Ltdekker 

[Received May 12, 1910.] 

(Text-figures 145-148.) 

Ill the present commimication I take the opportunity of giving 
figures of the heads or horns of three races of African Buffaloes, 
two of which, in my opinion, indicate types distinct from any 
of those described by Dr. P. Matschie in his paper on the local 
forms of x\.frican Buffaloes published in the ‘ Sitzungsberichte 
Ges. Katurfor.,’ Berlin, 1906. 

1. Bos caffer thieeryi Matschie. 

As announced in the ‘Daily Telegraph' of December 30th, 
1909, Dr. K. W. Kunim, during his journey through equatorial 
Africa from Lake Chad to "Wau, obtained evidence of the existence 
in the Tipper Shari Yalley of what he at the time regarded as a 
new Buffalo. This portion of the Shari Yalley, it may be well to 
mention, is situated in the French Congo, somewhat to the north- 
ward, so far as I can determine from the narrative, of an east- 
and-west line connecting Adamawa, in the German Oameruns, 
with the British station of Wau, in the Bahr-el-Ghazal. The 
single trophy of this Shari Buffalo brought home (and presented 
to the British Museum) by Dr. Kumm consists of the frontlet and 
horns of an adult, but not aged, bull (text-fig. 145). The animal 
to which the specimen belonged appears to have been killed at a 
comparatively recent date, but not, I should say, by a European ; 
and the long, sharp tips of the horns afibrd decisive evidence as 
to its relative age. 

In the fact that they are situated thioiighout their length 
almost in one plane, coupled with the great length of the slendei', 
cylindrical tips, which exceeds that of the basal portion, and the 
right angle formed by the junction of these two portions with one 
another, the Shari horns accord with the pair from the interior 
of Togoland, German Y^est Africa, described and figured by 
Dr. Matschie on page 1T2, fig. 3, of the paper already cited, under 
the name of Biibcdiis tMmryL The Shari horns are, however, 
much deeper in the antero-posterior dmection at their bases, 
where they are more expanded and flattened, and also much more 
closely approximated in the middle line than in the type of 
thmiyl The latter is, however, a female, and this being so, 
there seems no reason why the Shari horns should not pertain to 
the same race. Accordingly, despite the long interval between 
the localities where the two specimens were obtained, there seems 
no possibility of separating the Shari horns from thierryi, and T 
therefore associate them provisionally with that race. 

* Published by permission of the Trustees of the British Museum. 
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The horns of the Lake Chad B, c. hrachyceros are of a much 
smaller and totally different type ; while those of the Sene- 
garnbian B. c. plmiiceros^ according to the specimen figured on 
page 105 of my ‘Wild Oxen, Sheep, and Goats/ have, even when 
unworn, much shorter tips. 


Text-fig. 145. 



Frontlet and horns of hull of Bos caffer tliierr^u 
From Dr, Kumm’s specimen in the British Museum. 


The horns of Dr. Kumm^s specimen have a length of 31| inches 
along the outer curve, with a basal span of 8 inches, and a tip to 
tip interval of 26 1 inches. 

2. Bos CAFFER SIMPSONI, subsp. n. 

On page 156 of vol. cxv. of the * Meld’ newspaper for 1910, I 
gave a preliminary notice, accompanied by a figure, of certain 
Buffalo-heads obtained by Mr. M. W. Hilton-Simpson on the left 
bank of the Kwilu River in the Belgian (not, as I first thought, 
the French) Congo. This river, which takes its rise in Portuguese 
territory, runs nearly due north, and discharges into the Kwango, 
a tributary of the Kasai, which, in its turn, forms the most 
important affluent of the Congo. Of these Buffaloes, which were 
found in herds of considerable size, the heads of two bulls and 
two females were brought home by Mr. Hilton-Simpson, and of 
these one female has been presented to the British Museum. 

In the heavily fringed ears and the’ general form of the horns 
these Buffifioes approximate to the well-known red Congo Buffalo 
{B. e, nmvm); but the horn-measurements of the largest bull 
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(text-fig. 146 ) exceed any recorded for the latter race, the right 
horn nieaBiiring 25| inches along the outer curve and the left 
one 24| inches ; the basal girth of the former being 16| inches, 
its maximum width 6| inches, and the expanse from tip to tip 13^ 
inches. In the largest cow (text-fig. 147) the left horn measures 
15 inches in length, with a girth of 9| and an expanse of 8| 
inches. In profile the horns incline upwards nearly in the plane 
of the face. 

Text-fig. 146. 



Head of ball JSos caffer simjasom. From Mr. Hilton-Simpsoii’s specimen. 

The colour of both cows and bulls is a pure brmvn, and thus 
much darker than the tawny red of namis ; the young only 
agreeing approximately in hue with the latter, and the cows being 
fully as dark as the bulls. Except in the bull whose head is 
shown in text-fig. 146, the fringes of the ears are tinged with 
tawny, with one, white lock.’ Tn size, Mr. Simpson estimates that 
the El wilu Buffalo slightly exceeds the specimens of the red 
<Jongo race mounted in the British Museum. 
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That the Kwilu Buffalo is distinct from B, c. nanus, whose 
habitat includes Nigeria, Ashanti, and Sierra Leone, seems to be 
clearly indicated by its darker colour and larger horns, the form 
•of which does not agree precisely with those of any example of the 
latter that have come under my notice ; and I cannot identify it 
with any of the other races at present. Accordingly, I propose 
to regard it as representing a distinct race, under the name of 
Bos caffer simpsoni ; taking as the type the head of a cow which 
Mr. Hilton- Simpson has presented to the British Museum, 


Text-fig. 147. 



Head of cow Bm mffer simpsom. From Mr. Hilton-Simpson’'s specimexx. 


The Kwilu Bufialo evidently forms a connecting-link between 
B. c. nanm and tlie short-horned blackish races of Bos caffer,. as 
exemplified by a pair mentioned by Dr. Graham Renshaw in the 
Society’s ‘ Proceedings ’ for 1904, p. 130, as being then living in the 
Antwerp Zoological Gardens. Those animals appear to have had 
horns of the same general type as those of the Kwilu race, but 
their general body-colour was much darker, being described as 
dark blackish brown ; the ears show similar heavy fringes. As 
suggested by Dr. Benshaw, these Buffaloes may have been the 
Senegambian -S. c, 
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3. Bos CAFFEE COTTONI (?) Lyclekker. 

So far as my information goes, the small-horned ]]os caffer 
hrachyceros is at the present time known only hy the two type 
skulls brought home by Messrs. Denham and Clapperton after their 
journey through the Lake Chad district, and named and described 
by Dr. Gray in the ‘ Annals & Magazine of Natural History ’ for 
1837, voh i. p. 587. As to the precise locality where this so-called 
Lake Chad Buffalo was obtained, there is no definite information, 
the original description merely mentioning Central Africa : 
accordingly, the spot may w^ell have been scores of miles distant 
from the Lake. In •'Wild Oxen, Sheep, and Goats’ I have 
tentatively regarded the two type skulls as respectively repre- 
senting the hull and cow of the Lake Chad race ; and I am now 
more convinced than ever of the correctness of this interpretation. 
A figure of the skull of the bull, which is fully adult, will be found 
on page 114 of the volume cited 

Text- fig. 148. 


This skuH is characterised by the shortness and generally 
small size of the horns, which are separated by a wide gap 
in the^ middle line of the forehead, and show no marked 
expansion or prominence at the base. Tlmir basal portion, which 
presents a nearly flat front surface, ascends upwards and outwards 


Bos caffer cottoni (?). Head of young male, 
ikom the specimen in the British Miiseum. 


THREE APRICAN S'HFPAEO'ES. 


S97 


1910 .] 

tit an awigle of almost exactly 45® witli the middle line of the skull 
for some distance, after which the horns are curved inwards in a 
I'eg'it'lar sweep, so tliat the tips (which are quite unworn in the 
«|:x!iGiiiiens) are directed inwards in a nearly horizontal plane. 
Im my judgment, this type of hoim is quite distinct from that of 
fecith B. c. nmius and B, a plmviceros. 

Thus matters stood till 1907, when Prince E. Dernidoff pre- 
siented to the British Museum the head of an immature bull 
Buffalo belonging to one of the little-known reddish races, shot 
by his brother, the late Prince Paul Dernidoff, somewhere in the 
iiiterioi.' of the French Congo. The immature condition of the 
lioms in this speeiTien (text-iig. 148) is extremely unfortunate, 
and led me«t first to the conclusion that they indicated a short- 
horned race, with a large interval on the forehead between the 
horns of ef>posate -sides, and a horn-curvature which would prolmWy 
grow into that of hrachyceros; but a specimen from the same- 
district shown me hy Mr. Powland Ward proves this to be wrong... 
In colour the abumdant hair of Prince Demidoff'k specimeB i& de- 
cidedly darker than that of the bull from Ashanti exhiMtedl 

in the Mjaseuni; its general tint being tawny brown, tending to 
blackish <ir black on the muzzle and chin. The most chanicteristic 
feature the specimen is, however, the colour of the excessively 
abundant fringe el long hair on the margin of the ears. At the 
base of the upper edge the colour of these hairs is light yellowish 
chestnut; but on the remainder of the same margin, together 
with most of the lower ones, the hairs are black, with two small 
flecks of straw- colour near the middle of the lower border and a 
larger |iatch n<mr the base of the same. In these respects 
the ear-fringes differ in colour from those of i?. c. The 

specimen shown me hy Mr. Ward is an older bull, in which 
the coloxir of the hair is bright red, while the hornsy although 
smaller and more separated on the forehead, are of the type of 
those of B. €, This head indicates a race allied to or 

identical with my IB c, co^toni from the Semlxki (P. Z. S. 1906, 
p. 996). 

Postscript. — Since this paper was read I have received evidence 
■of ': the '.existence of :another,;'and:very.' well-defined, '.race of 'dwarf 
'Buflklo',' inhabiting , the ;Yala--': district of ' South .Iv^igeria, '". and 
characterised by the bulls being brownish black and the cows 
dun or khaki-coloured. Heads of a bull and cow were hrpught 
home by Mr. J. H. L. Thompson, of the Duke of Wellington’s 
Beghiient, and have b^^ mounted at Mr. Howland Ward's 
establishment. Mr. Thompson informs me tliat the bulls of this 
race stand from 3 ft, 6 in to 4 ft, at the withers, and that they 
are short-legged and heavily built animals. In the adults of 
both sexes the legs are light-coloux'ed fi'om the knees and hocks 
to the hoofs. The calves are dark grey. 

My informant also states that thei^e occurs a larger race of 
Pboc. Zool. Soc. — 1910, Ho. LXT, 65 
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BiifRiIoes ill tlie same district, whose colour is darkish iiifous, 
with the lower portions of the legs rather lighter tlian the body. 

Although I am fully convinced of the distinctness of tlie small 
Yala. race^I do not propose to give it a name until a s|)ecimeii 
of the head of at least one of the sexes is available for tlie British 
Museuni. A fuller account will be found in the ‘ Field,' vol cxv. 
p. 1112, 1910. 


4. On a iie\v Antelope and on the Spanish Chamois, 

By Prof. A. Cabrera, O.M.Z.S. 

[Received May 10, 1910.] 

(Text-figure 1 49.) 

Among a great number of hunting-ti'ophies obtained last winter 
by the Spanish sportsman, Mr. Ricardo de la Huerta, during an 
expedition in British East Africa, there are two Antelope heads 
whicli seem to repi*esent a new form of Bamalisms, They belong, 
indeed, to animals similar in size and colour to 2>. but with 

the middle part of the face not black, but pale whitish buff. That 
they are not individual aberrations is demonstrated by tlie facjt that 
Mr. de la Huerta has met with two herds entirely composed of pale 
blazed Topis— one on tbe TJasingishu plateau and another near 
the Turkwell River. According to the natives, these antelopes 
were also seen by the Roosevelt party, but no speciinens were 
-obtained. ' 

Without entering now into the question whether it is a true 
species or only a. local race of Bmialisms co7'rigifjm^ I tliink this 
form with whitish forehead needs a name, and I propose to call it 

I take this opportunity to describe and name also tbe Chamois 
from the Cantabidan Mountains, IST. Spain, which is a very different 
form from the Pyrenean one {Biqylca'pm pyrmmm 

Bonap.}, smaller in size and redder in colour. 

Following are the brief descriptions of these two new animals. 

, ''BAMALlBCmS\'PHA 

Biniilar to in size and iii the colour of the Ixxly a, ml 

limbs, but witli a pale whitish-buff blaze on the face, instead of 
the black one common to the other forms of the corrlgum. grou|). 
In , old ■males, .according ' to Mr.'de'la Huerta, ' tbe ; blaze 'hecomes.: 
pure white and almost as well defined as in IX alhrfrons a.nd 
''■O.pygargns, , 

■,' : , The .nortliAvestern 'part .'of British East, ' Africa,' 'east;' of' 
Moimt'Elgon. 

^ was, according to Dr. Ridgewayf the Greek for a dark-coloured 

horse with a white blaze from the top of the head doWn to the nose. 
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The type is the specimen from TJasingishu in the collection of 
Mr. de la Huerta (text-fig. 149). It is .m adult, but not old, 
male, with horns 4.12 mm. in length along the front curve. The 
Turkwell River specimen i.s a female. 


Text-fig. 149. 



Whitish-blazcd Topi {I>amaUhu$ phalms) from tbe tJasingisliu plateau. Type. 


RuPICAPEA RUPICAPRA PARYA, subsp. n. 

Smaller than all the other forms of the species, Geneml colour 
brownish red, darker on the limbs, becoming dark brown on the 
forearms, above the “ knees,” and on the inner part of the hind 
limbs. Sides of the head dirty greyish brown, leaving in the 
middle of the face a broad space of yellowish buff. The throat 
and under jaw are not w'hitish, as in JR. r. pyre/naica^ but only a 
little paler than the body-colour. 

JIab. Cantabrian Mountains, K. Spain. 

The type is a female from Picos de Europa, Santander province, 
in the Madrid Museum of Natural Hisfcory. She is 570 mm. in 
height to the shoulder, with horns 146 mm. in length on the front 
curve. Tlie horns of a male skull in the same collection are stouter, 
but not longer. A female from the Pyi'enees, also in the Madrid 
Museum, is 690 mm. in height to the shoulder, and has horns 
.232 mm. in length. 


65 ^' 
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5. The Changes of Plumage in the lied Grouse {Lar/ojnis 
scotieus Latin)' in Health and in, Disease.. By Edward 
A. Wilson, M.B., E.Z.S., Field-Observer to the G'roiise 

. Disease Inquiry.^ 

[Received June 11, 1910.] 

(Plates LXXYIII.-CI.t & Text-figure 150.) 

Part I. 

Fhmiage Changes m the Cock Grouse* 

When a large number of skins of the cock Grouse axe 
arranged together, side by side, according to the month of the 
year in which the birds were killed, it will be found that, even 
taking into account the difihrences of well-marked local vari- 
ations in plumage, the series can readily be divided into two very 
distinct sets. 

There is first a very marked uniformity in the plumage of the 
cock birds killed from the middle of X^dyeniber to the end of 
June ; and likewise amongst those killed from the end of Juiie 
to the middle of Xovernber. : 

These two periods, November to June and June to November, 
mark the two seasonal changes of plumage in the cock Grouse. 

The first is a phmiage 'mo7*n throughout the as well as 

during the com'ting' and hreedi^^ spring. 

The second is a plumage wcnni throughout the summer and 
cmtwiin* 

It is necessary to lay sti^ss upon this general broad division 
of the cock Grouse’s plumage, and if a large number of skins 
can he arranged as suggested, the exact time at which the 
Grouse 1ms definitely changed from the one plumage to the 
other cannot possibly be overlooked. The birds obtained at 
the end of May are definitely in the darker and redder wintei-- 
plumage, and those procuied at the end of June are definitely 
in the paler and more bufiT-coI our ed siunnier-phimage ; those 
hilled;,at the: beginning of October 'are still, partly in" the paler 
Bummer-plumage, and,,, by :the. end of November all are in the 
darker wfinter-plumage. , 

It' must, however,, be' added,, that, there 'is,, hardly a' month' 'i'li'' 
■the whole year, or a Grouse-skin in, a..collection ofunany' hund'reds' 
.covering' every inonth'of the year^in.' which "one plumage only can ', 
be found 'unmixed" with' tbe other. '.This fact. accounts largely for"' 
the misunderstanding which at one time existed, hut wh^ has 
now, we hope, been satisfactorily Settled, in respect of tlie whole 

* Owing to Dr. Wilson Laving loft London on the Antarctic Expedition ])ofore 
Ais Memoir was set np in type, lie was unable to revise the proofs, but bit full 
power to the Editor and Mr. W. R. Ogilvie-Grant, who have made certain Inodi- 
fications in the text. 

t Eor explanation of the Plates see p. 1032, 
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YOXJNG CHICKS. 





P.z.s. 1910. PI. lAAlX. 







Andre & Sleijjh, Ltd 

■MALE' GROUSE,, BLACK TYPE, 'IN ■EULL' WINTER^-^^ 



P.Z.S. 1910. PL LXXX. 



MALE GROUSE, RED TYPE, IN FULL WINTER-PLUMAGE. 



P.Z.S. 1910. PL LXXXL 





Aadrti & ,yk.ign, Ltd. 


MALE GROUSE. ■WHITE-SPOTTED BIRD OF THE RED TYPE. 



P.Z.S. 1910. fi. IXXXl/, 



Andre & Slei'Kli. Lut. 


MALE GROUSE, RED TYPE, IN FULL WINTER-PLUMAGE WITH A 
FEW BLACK-CENTERED FEATHERS OF THE PREVIOUS 
AUTUMN.PLUMAGE. 



F,Z.S« 1910. PL LXXXIII.. 



.Andre <St Slcijjl'i, .Ltd. 

MALE GROUSE SHOWING MARKED 'BEGINNING' .OF : THE. ■ 

■ AUXUMN.PLUMAGE ON HEAD' AND 'nECK. ' 



P.2.S. 1910. PL LXXXIV. 



MALE GROUSE CHANGING FROM WINTER- TO AUTUMN-PLUMAGE, 



P.Z.S. 1910. PL IXXXV. 



Andre Sc Sleigh. Utlv 

FEMALE GROUSE, BLACK TYPE, IN. AUTUMM-PLUM'AGE.''' 



P.Z.S. 1910. Pi. ZA'A'.VIV. 



Aiulre & 81ci},;h, Ltd. 

FEMALE GROUSE IN EULL BREEDING-PLUMAGE, " ' 



P.Z.S. 1910. PI. LX.XXVII. 



Andre & Ski«h, Ltd. 

FEMALE GROUSE, RED TYPE, CHANGING FROM ■WINTER- TO 
SUMMER-PLUMAGE. 



P.Z-S. 1910 . n LXXXVIIL 
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FEMALE GROUSE SHOWING BARE PATCH OF SKIN AND DOUBLE 
LINE OF BARRED FEATHERS ON ABDOMEN. 
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FEET OF GROUSE SHOWING STAGES IN MOULTING OF NAILS. 
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Andre &. Sleigh, Ltd 

FEMAtE Grouse, BUFF-BARRED TYPE. 
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FEMAXE GROUSE, GREY VARIETY. 





Antire & Sleij^h, Ltd, 


FEMALE GROUSE, GREY VARIETY. 
(Type of L. #ersicBs, G. R. Gray.) 
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vexed question of moult and plumage-changes in the E.ecl Grouse^ 
and theiiv proper interpretation. 

Without referring in detail to the points upon which 
difierences of opinion have before now arisen, it may be shown 
that much misunderstanding upon such a difficult subject as this 
is based upon a different rendering of facts into words, facts which 
were recognized and perfectly well explained by Mr. Ogilvie- 
Grant in 1893. Both he and Mr. Millais have made the subject of 
plumage-changes in the game-birds, and especially in the Grouse, 
a s^pecial study, and it must be admitted that there are very few 
points upon which they have touched which seem to require 
further explanation ; and still fewer points, if any, which can be 
brought to light for the first time in connection with the plumage- 
changes of the Red Grouse. A monograph on the Red Grouse, such 
as the Report of the Grouse Disease Inquiry, would, however, be 
obviously incomplete without an account of the plumage-changes of 
the bird itself ; and it so happens that during the past six years of 
the Grouse Disease Inquiry’s existence^the collection of some six 
hundred Red Grouse skins, representing every age, phase and 
change of plumage in that bird, has given a unique opportimity 
for ati independent revision of the woi^k already done— -an oppor- 
tunity such as has never occurred before in the study of any 
single species of British bird for observing the e:ffect of disease 
lipon moult and feather-growth. So it happens that although 
the work as it stands has been so nearly completed by the labours 
of the two ornithologists alremly mentioned, there are still points 
of interest to which attention may be drawn, especially in con- 
nection with the marked effect winch parasitism and other wastixig 
di.seases have upon the moult and growth of feathers; and it 
is to this infiuence of disease that attention will be particularly 
drawn in the preKsent paper. 

It is almost incre<lible that a moult should be deferred from 
one saason to another or even to a third, and that the right 
plumage should eventually be produced if the bird by means of good 
food and good weather is at last enabled to lecover its health and 
grow any new feathers at all. It is interesting and to some 
people, such as sportsmen and gamekeepers, even useful to know 
that bare fe^rtherless legs .and feet, which have so long been 
considered a sure sign of disease in the Red Grouse, may, in 
certain months of the year, be an unavoidable accompaniment of 
really good health, while thickly feathered legs in the same month 
a, re a sure sign' of deferred moult and of sickness. It is only when 
the proper season for the moult of the leg and foot-feathering is 
completely understood, that we can begin to understand the 
reason for attaching an unfavourable prognosis to heavy leg- 
feat hej-ing when the legs should have, been featherloss, and an 
equally favourable prognosis td bare legs when the legs should 
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mitdmin-phmiage and tlie wiiUer-siwwne'r-ph^^^ lie says 

fiirtlier tliat the eock “ has no distinct siiniiiier“pluma.ge/'’ It is 
perfectly easy to see wliat is meant hy this, and also by ti:ie 
statement whicli follows, ' that tlie c^ociv i*etains the wiiiter- 
plumage tiiroiigliout tlie breeding-season.” 

Mr. Millais also, in spealdrig of tlie cock Grouse, nia-kes itse cd; 
the expression whicli, lie says, appea;rs jate in. 

June; and lie adds that the aiitiimn-plnni age together i\ilh the 

S^pring feathers (or what M.r. Ogil vie- Grant considers thi‘ Inst 
beginning of the aiitumn-plmnage on the Grouse’s neck) iiaiia in 
till the main moult in August and. September. 

Mr, Millais also makes the following statement, whicli appi'ars 
to be based on a misinterpretation. He says “as a m fitter of 
fact the male Grouse sheds in Sep tern her and August a plimiago 
which is a mixture of its Winter, Spi*ing, and Eclipse fcathei’S.” 

These so-called “Spring” and “Eclipse” feathers are no doulit^ 
as Mr, Ogilvie-Grant holds, the commencement of the ph linage^ 
which is completed gradually during the summer nionths, anil 
which he has described as the aniPmmirplmnage, It is naturally 
a little misleading to find tlie autumn-plumage beginning to 
appear in early summer, but so long as tlie term is understood 
to mean the paler, more bufi-coloured plumage with bolder bars 
of black, which, begins to appear first on the neck of the cock ah 
the end of May or eai*ly in June and is eventually east for the 
winter- plumage in October, there need be no real misimder- 
standing. ■ ■ 

That feathers of the previous winter-plumage should be 
mentioned in speaking of the moult of this autumn -plumage is 
also quite intelligible, since the old winter- plumage of the breast 
and abdomen is being quickly shed and replaced by a similar new 
winter-plumage at the time when the autumn-pliinmge on the^ 
rest of the body is being east. There are in addition very fre- 
quently a few feathers of the copper-red pluinage (in tlie cliiri 
really belonging to and remaining over frcmi tlie previ(:)us winter- 
' plumage. ; ' 

Instead ^ of going i'nto furtlver details, liowever, witli logard to 
The two. moults, and ''plttm ages of' the cock' Grouse, .it will be 
simpler at thiS' point to take.its |;)liinurg(ecd,)ahg(ts iti d(d‘'a.ik su("'C(\s - 
sively month by month, explaining as nearly as possible*, ^vha.t can 
be gathered frcHB the examination of a series of skins sucli as lias 
been brought together by the Committee of liap li ry , in G u d i ng as 
it does a great number of speeirneiiR in a.ll stages of (lisc^astois widl 
as',' in health.",' 

They illustrate every month of the year and most of iUa local 
variations to be found in England, Bcotl and, a, nd Irdand ; aiul 
thei'e axe a sufficient number of sick as well as healthy birds to 
slrow the very great influence of disease in altering the caf/acity 
of the individual for feather-growth. Gnless this effect, which 
results as a- rule in the' Red Grouse from excessive parasitism, is 
fully recognized there will always be misunderstandings upon 
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nioiilt of tills bird, for almost every Grouse in the country is to 
some extent infested with parasitic worms, and tiiere are years 
wlien irregularity of moult is the rule rather tlian the. exception, 
Moreovei*, it so lutppens tliat in autumn, when birds a, re being sliot 
in lai’ge numbers, the survivors of tlie worst tivo iiiontits of the 
year for Grouse-disease mortality, that is, the survivors of Mjiv 
and June, are all convalescing ; but they are convaieseing with 
their plumage- changes all retarded and put completely out of 
order and routine. In this way it is possible in September to 
kill two birds on the same day both of ivhicli have the chestnut- 
coloured feathers of the iviiiter- plum age on the chin and throat ; 
but upon examination it may be seen that in one bird the 
edges of these feathers are frayed and worn and the colour faded, 
showing that they have survived fi‘pm the previous winter- 
plumage ; whereas in the other bird they are hardly free of the 
scaly sheaths in which they grew, and are really precocious 
feathers of the coming winter- plumage. ’ This is only one of the 
many traps which result from the deleterious inhuence which 
disease exerts upon a bird’s capacity for feather-growth and 
replacement and so upon the regularity of its moult. 

There is another point to which attention must be drawn before 
entering upon a systematic description of tlie montbly changes of 
feather in the cock Grouse. It is as to whether the autumn- 
plumage of the cock can be correctly described as an Eclipse’^ 
plumage, comparable as it obviously is in character with the 
Spring breeding-plumage in. the hen, but appearing just two 
months later and after the hreedixig-season. In each sex the 
general change from winter to suinmer may be described as a 
change from a more richly pigmented, darker, black and chestnut, 
or rufous-chestnut plumage with inther hne transverse black 
markings, sometimes almost vermicuMe in character, to a less - 
richly piginonted, paler, buff or rufous-buff or tawny-buff plumage 
with clmi'acteiisticaJly broad black bars and tx'ansverse mai-kings. 

To each sex, moreover, the characteristic l>uff and black broad- 
banded summer-plumage is given its special appearance on the 
dorsfil aspect by the growth of feathers with large I)la,ck centi*es 
and a, few buff or tawny-buff subterminal bars of considerable 
width and a terminal border or spot of the palest buff, which is a 
very conspicuous feature on the back of most hens, ami often only 
less conspicuous in the cock. In the cock, however, this plumage 
appears just two months later, and is less beautifully developed 
than in the hen. 

There is without doubt a general broad resemblaxice first 
between the cock and the hen Grouse when the former is in its 
“^winter-plumage” and the latter in its autumn- plumage ” ; 
and, secondly, between the cock and the hen Grouse when the 
former is in its “ autumn-plumage ” aiid the latter in its “spring- 
plumage.” ^ .. „„ , 

The perplexing fact in that tb^e general resemblances are not 
synchronous in the two sexes, a peculiarity first discovered by 
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Mr* Ogilvie-Grajitj for, as alreadj pointed out, there is a.ii interval, 
of two inonths between the moults of the cock and hen. 

Again, it iniglit ipasonaldy be expected tha.t, a,s tlie Ji^biriiiigaii 
and tlie Scandinavian Willow-Grouse lia-ve not two pli,nna.gv*s in, 
the 3 "eai', but tliree, some suggestion of the third |)hiji:iage might 
be forthconiing in the Red Grouse. -But tlie Red Grouse lias 
only two moults. Mr, Ogil vie- Grant, however, <^xplains the 
position by saying that the buff and black plumage ot tlie hen 
answers to the spring-pluinago of the hen Ptarmigaii, wiiile 
the buff and black plumage of the cock Grouse answers^ to tlie 
autumn-plumage of the cock Ptarmigan. I’he grounds for this 
position ivil] be considered later in the light of the possible 
effect Wliich continued disease may have in periiia,nent]y a^itering 
the season of a moult. 

Beginning now with tlie cock Red Grouse in Jcmucmf^ and 
taking its appearance from the ventral a,spect lii‘st, the tiniforinity 
of the series is a very conspicuous feabai'e. Every heaitliy bird 
is chestnut or rufous-chestiiut and black, with fine, almost 
veriniciilate black cross-lines over it. 

Even in the blackest birds the throat and 'fore-neck are always 
of a rich copper-red colour with very little or no black edging at 
the borders of the feathers, which are usually liari’ed witli lilack 
only on the actual chin. Here there may be also more or less of 
white tippings, even to the formation of two white moustaciliios 
leading down wards from the gape, sometimes an inch in lengfeln 
This may be a feature either of the bla-ck type or of the red * 

, (Pls. LXXIX. (fe, LXXX.). , : In' some -very, red' and black' Red 
Grouse the abdominal feathers are also freely and broadly tipped 
with white ; and this may sometimes be seen even on the featliers 
of the iipperparts (PI. LXXXI.). The legs and feet are thickly 
feathered, and are white, or white with brownish barring. Thc^ 
claws aremf ten in this inonth very long and strong. 

Occasionally a pale bleached feather of the preceding ant u inn** 
plumage is to be found on the flanks, middle of the breasii or n eifk, 
and may be recognized by its frayed edges ; and occaslomdly (c. g. 
No.'53'9), in a very backward bird,, there '.may be i,naT.'i,y su(.tli 'vvora, 
and: '.lad eel feathers oir the -chest -'and 'flanks,;, Imt sueli 'a ciise is 
^:invariably the result of sickness, . 

On the dorsal side there is again, broadly speaking, a. g(m(‘nd 
miifoimity of cliestunt, bright or dark, or of biav-kisli feafinu's, 
with fine black transverse markings; but in almost (wtay bird 
there may be found a considerable number of the old 1 slack** 
centred ‘ Aiu turn u -pin mage feathers remaining, with thm'r 
frayed and faded edges of whitislidouff (PI. LXXXI L). On 
the lower back and rump the more worn and faded heathers 
predomhiate. 

The primary and secondary quills are all complete and are but a 

* The whole paper deals with the Bed Grouse .sro/sV/w T^iith,). 'I'iu* 

tenns black Red, Grouse and huff-spotted or white- spotted Rod Gimse’GrmHt 
not be contused with similar terms for other species of Grouse. 
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few months old, having been renewed between June and August 
and tlie sa.rne may be said of the rectiices. 

The following points in the cock Grouse of January are 
characteristic : — , 

L The rich copper-red, generally unbarred feathers of the 
throat and fore-neck (PL XCIY. fig. 2). 

2. The fine barring of the chestnut, dark rufous-chestnut, or 
blackish-brown of tbe back, with the scattered black-centred 
feathers of the last autifinn-plumaged’ 

fi. The thick white feathering of the feet and legs, which soon 
becomes blackened and worn by the barrens ’’ or colons/’ 
the charred stalks of old burnt beatber. 

4. The perfect flight-feathers of the wings and tail. 

5. The enormous claws. 

In Febrimry the cock Grouse is still in the darker winter- 
plumage. 

Young, sheathed and growing broad -barred feathers, the re- 
mains of tlie winter-plumage,^^ may still occasionally be found 
on the Mnd-neek, nape, and head in back^vard birds. 

\xi Mwrch the cock Grouse nox'mally shows no change; but 
towards the end of the month in exceptional instances individual 
birds may be found with a few precocious feathers of the autumn- 
plumage making their appearance on the back of the head and 
neck. Tlies .0 are very probably feathers irregularly accpiired to 
take the place of those which have been lost dining encounters 
with other males. 

In April the cock Grouse still shows no change whatever. 

In tliis month there are often greatly increased opportunities 
for tlie addition of skins to a collection, because it happens to b© a 
month of very higli mortaJity fi‘om “ disease.’] The birds are found 
and can be collecited not only by the keepers who are out ea-rly in the 
month in search of fox-earths, and who are generally also burning 
liea ther, but also, later oh, by the shepherds, who are cpnsfeantly 
ranging the moor in the lambing time. ^ 

The result during tlie last five years has been a great accession 
of Grouse-skins to tlie Inquiry’s eollaetion, /in MarclijUvith/'a^ veiy ,, 
large proportion of males badly diseased, and fewer birds in 
perfect health. Therefore in tlie series of skins of cock-birds 
representing April, the gi^eat majority are very backward. 
Healthy liirds have still the old rich red copper-coloured throat 
of the winter-plumage, and fresh -looking “ autumn ” feathers 
round the neck, upper-hack and mantle, while the winter and 
old autumn-plumage of the rump and back is bleached and fade<i. 
The backward birds are easily picked out, as they have not yet 
assumed tlieir “ winter plumage, and are still mostly clad in old 
worn autumn-plumage of the previous year. 

It is important to note the ex-traordinary discrepancies which 
so commonly occur in the plumage of the Bed Grouse owing to 
disease, whereby the deferred moult becomes in some years almost 
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tlie, rule, and the laile of health becomes almost the oxceptioin.. 
It is a very difficult matter, indeed, for anvoiie ^wlio^ lias 
had the opportunity of examining a;n extensive series oi: (Ti'oiise™ 
shins, ill disease an well as in liealtli, and covering every niontli, 
of the year, to come to any true coneliision aliout the iiioidi',.. 
Diseased conditions often entirely mask the nornml plumage- 
elianges fi'om time to time, and it is far more impoi'tant i.t> 
realise this than to examine thonsa-rids of more or less healliiy 
birds sliot in the orfliiiary course of events in tlie shooting- 
season. A study of abnormal phimagUKdiaiigesiii, diseiised (li’oiisci 
is essential if the discrepancies winch arise in tlie moult oi: 
what are often wrongly considered normal birds are ever to lie 
explained. Once this point is grasped tne question becomes much 
simpler ; and it is because the Orouse Disease Committee has laud 
such a unique opportunity for studying both sidCvS of tlie question 
tint it lias been deemed neeessaiy to eiitei* into tliese plumage * 
changes at sucli length. 

The legs and feet of a healthy bird in Affil sliould be getting 
worn ami thinly feathered. If a bird lias newly and thickly** 
fei;itiiered legs and feet, it means, almost certainly, tliat the 
“winter” plumage has been put on very late, llie healthy 
Grouse should now be moulting the feathers of tlie feet and legs, 
so that bareness or lack of featliei’s becomes in tliein a sign of 
health in April and thickly*' featheiml legs a sign of sickness; 
this is the precise contrary of what has almost become proverbial 
on the mobiv that bare legs indicate disease ; though for the later 
aiitunm months the saying is qiiite true. 

In May' the preponderance of cock birds found dead , and there- 
fore of skins of cock birds in. the May collection showing lielated 
moult, is again a large one. The healthy cock is still in Ins 
much-worn winter-plomage, but on the head and neck s<:>me 
feathers of the new autumn-iduniage are beginning to rrnike tlieir 
appearance (Pis. LXXXIII. &-LXXXIV.). 

, In;.*/wiC/the disease ■ niortality, due to. Btrongylosis, :is, as a rule, 
coining to an end. This at least is true :for tlie itrltdts, hut for 
the young chicks June and July areuften fatal unonths owing to 
Ooceidiosis. . Date , :iii ' June the .healthy co(?k- Grouse can ad '’last ' 
he said to have changed into Iris complete auttiniiu ijltriiiagi^ 
The winter-plumage persists only on the ahdonnm a, ml lowia* 
breast, on the actual eliin which is blac.kish, with n, few sviutu 
spots, and on the tl amt, where a few red feathers stili rimiain. 
The moulting of the quills and tail-fcatliers coinmenccH inwards 
the end of the month The rump and back are now completely 
covered with new black-centred feathciN carrying hroad baried 
buff and black bands and a few have a wliitish terminnl spor, 
similar to that foui.id in the female. 

The head and neck, breast and throat, are now clothed with 
broad-barred buff and black feathers, quite distinct from tla‘ more 
chestnut and more finely black-marked plumage of tlu,^ \vhii.in\ 
It is impossible, in seeing a series of the birds showing this dis^ 
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tinctive clia.nge, to avoid noticing how closely it approximates 
to the iiestiiig-pliimage of the hen, and yet to think and 
to speak of this autumn ’• plumage as an Eclipse pluma-ge. 
In every respect it closely I'esemhles the hreecling-plurnage of tke 
hen, and the one prominent discrep«a.ncy is that it has arrived in 
the cock just two months later than it is normally due in the 
hen, far too late to be a breeding-pdiimage. 

It appears almost as though the pjathological postponement of 
the moult, which is, after ail, nothing but a sign and a symptom 
of disease, has gradually developed into a normal hal)it in the 
life of the bird ; and one is led to think that tliis habitual dis- 
ability in the cock Grouse, which results from Strongylosis during 
the nesting, courting, and breeding-season (a disability which 
causes the death of about eight cocks to every hen in April and 
in May), may have caused the alteration in the season of the 
moult, simjdy because the vis vitm of the cock bird, insufficient 
as we now know it to be at the close of winter for the ordinary 
calls of reproduction, would be still more disastroiiKsly insufficient 
if preceded by an early moult. 

At the present time the cock undoubtedly breeds in the winter- 
plumage, without any further acquisition of new feathers, and, 
as has recently been pointed out by Mr. Ogil vie- Grant, what 
have been regarded as new “spring-feathers’’ on the neck by 
Mr. Millais are in fact the old autumn-feathers, which on that 
part of the body do not become worn and faded* 

That any feather of the Grouse, either in the cock or in the 
lien, was ever altered as to its pigment either in pattern, or in 
tone, or in any other character, when once it had completed 
growth and had been cut off from the circulation, is at present 
an assumption which, is not well supiported by, the physiology of 
leather-growth.' 

Metchhikoffs observation upon the migration of leucocytes 
into hair and their action in removing pngment cannot for one 
moment be a.dduced as conclusive proof tliat the same thing may 
happien in the case of a full-grown feather. ‘While the circulation 
is active in the feather-sliaft, and for as long and in so far as it 
continues, pigmentation may be altered, and so may growth ; 
but biicehaliow, first that the circulation has ceased beyond the 
entrance to the ba^^^^^ shaft, and secondly that the feather, 

although still attached to the epidermis, is cut off from the 
circuit, ibion in the deeper living layer of the skin, then the 
feather is no anoi*e likely or able to change the pigment winch, is 
responsible, for its pattern or its colour (excep)t by external men, ns 
such as bleaching l)y sunlight) than if the same feather had 
been plucked out and kept entirely separate from the bird. 

Once the feather is full-grown and the circulation in it 
stopped there is no reason to believe that any thing can alter 
it save sunlight and water, and oil supplied as an external 
unguent from the oil-gland. That are most deceptive 

in this resp^ect must he allowed, I'eathers may be collected from 
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the iianks of' hen Grouse which show every possible gradiia,tioii 
between the perfect winter- j)Iumage, almost verm^iciilat-e, 
feather and the broad-barred, breeding-season, tia.iik-featiier ol: 
the summer hen. But it is very inucli inore prob{il)le timt tijo 
growing period of tlmse ambiguous or interniediate feivt;liers is 
one of great susceptibility to outside conditions, as w(^ know 
the case to be in respect of the metabolic pro(jesses wliieii Jii’e 
taking place within the hen-bird at the time, Tliese are known 
to be exceedingly sensitive. Pigment is iiidispiita bly a product 
of tissue metabolism. It is often probaldy a niere waste pi'oduet, 
blit it appears at times to serve a special function iiotwithstiJiiiding. 
It is also certain that pigment is a imoduction wliose 
or failure to a,ppear, is open to considerable vicissitudes in 
conseqneiiee of stna.ll recognized changes in physiological condition, 
and many less easily recognized changes in tlie gnnerab inetabolisio 
of the body. 

In the lien Grouse during the breeding-season pigment 
production is very actively at work, for we kn()W that a very 
lai’ge amount is being produced for excretion in tlie pigment- 
glands of the knver part of the oviduct. This pigment, iiHireover, 
is precisely of the shade and colour which is characteristic not of 
the breeding- plumage, but of the winter dress of the lien and tlie 
cock lied Grouse, It is deposited in abundance normally on e-very 
egg, but it may also abnormally fail to be deposited or even 
produced all all, not only for the eggs in the oviduct, but in the 
circulating blood of the bird’s whole systeni. Thus the feathers 
instead of becoming buff or brown, i^eddish or even black as they 
pi'oceed in growth, may be any intermediate paler shade of buiV 
or even white, a character which is due generaUy to the complete 
absence of all pigment granules. The place of the pigment 
in such feathei’S is probably taken by sliining air-globules, as 
it is in tlie hair and feathers of tlie majority of white animals and 
birds.. 

It is therefore easier to believe the suggestion tliat a sudden 
check, either by a change of temperature, or liy wet and (^obl, or 
By .want: of sunshine, or bydiange in food, has for' tlie time lieiiig 
so far affected the tissue metaholisih of like liird that a, fcjithor 
which began to grow itpon a circulation lacking pigmoiil* [)aj*lak*]cs, 
or the waste products wliich procluce tljem, ami vvlii<di was 
therefore originally planned for the paler plumage, mny, by a. 
sndderi iiKTease in thtwmetabofe and so iti oui;- 

put of waste produdiS to the blood, be completed as a fc^ailau’ of 
the more deeply pigmented plumage, thus iiroducing a feather 
with the characters of both. 

This is a plausible explanation, but is still open to some doulit, 
for the difference between the broad-banded buff and black llank- 
feather of the nesting hen, and the dark red-hrown finely cross- 
lined featlier of the same bird in winter, is obviously groatm* a,s 
regards pigment distribution than as regards tbe actual quantity 
of pigment deposited in the feathers. 
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If there are, as has been held, distinct pigments, sncli, for 
exfiinple, as black,* and orange-red, in the various colour- 
tones of the E.ed Grouse, it becomes easier to see that the loss 
of the red pigment which is utilized for the eggs, leaves the buff 
and the black in grealer quantity for the nesting-season plumage. 
In the winter all tliree would once more be available. 

The fat of tlie nesting hen is distinctly rich in colour, but in 
no case that we ha,ve seen has it resembled the orange-coloured 
fat which is often seen in overfed Pheasants, and quite commonly 
in Gulls and Terns which have been feeding on red crustaceans. 
In tliese birds the orange-red fat or oil, tints not merely the fat 
beneath the skin, but the white feathers of the breast and body 
wbicli often present a beautiful rosy ffush. 

The whole question of pigmeixt production and pigment dis- 
tribution, intimately connected as it is with the question of the 
excretion of waste products and the deposition of fat both in 
health and in disease, has not reached a stage which admits of 
dogmatic statement upon the subject of pattern change in feathers 
•witliout moult. 

One I’ecognized method of changing a colour-pattern in feathers 
without moult is to be seen in the male of the familiar House 
Spaii'ow, which produces a handsome jet-Ma.ck cravat in the 
breeding-season, where before was a nondescript greyish throat ; 
and tins it does by the simple process of shedding the grey ends 
of tlie featliers, leaving the blacker parts exposed. This metbod 
is common among bii'ds, but the Bed Grouse has been credited 
^vith changing in^ sitti tlie colour and pattern of the fiiink-featliers. 
Now, with still less reason as it seems, the cock bird lias been 
credited by Mr. Millais with achieving his summer or breeding- 
plumage for the most part by repigmentation and pattern change 
of most of the win ter-f eathers below the neck.^' 

This view cannot be upheld physiolGgically, and there is much 
to uphold the <x)n ten tiori that the feathers wliich are believed to 
effect this change of pattern without moult, are actually new 
growiu g feathers. T his can readily he shown by the demonstration 
of their unshed sheaths. The misleading birds are again in this 
case the cocks which have been too sick to shed the previous 

autumn-plumage,’' and ad are still stn%g&^ and ’with 
incniasing success as the food improves, to produce a ‘^ winter- 
plumage,” which they should and would, in health, have achieved 
in October. 

That the cock l)ird should moult the feathers of the legs and 
feet between Manch 30th and June 17th is no longer difficult 
to understand when the prevalence of Strongylosis is fully 
grasped. No bird is safe from the Nematode infestnient, and one 
is led to think that the in.ajority of cock birds are so badly in- 
fested that they are forced to defer the autumn-moult which should 
precede that of the previous winter. It is therefore obvious that 
l>etwGen March and June there will be every stage of good or bad 
leg- and foot-feathering between the hewly acquired thick white 
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ivinter-stocking of the sick cock, and the naked featherless clean 
moulted leg and foot of the really healthy male l)ird, in June. 
In duly, agniin, will be found tlie healthy cock bird beginning to 
produce wliite feather-tips over the legs and feet. 

In July the general appearance of the healthy cock is in rich 
lighter in coloiir-tone and much more broken aiid mott.hici in 
pattern-character than that of the same bird in the winter. The 
claws are in many eases now ready to be shed, a-nd tlie primaries, 
secondaries and tail-feathers are in monlt. Some six or eight 
new clean grown primaries are often to be found in July, and 
the long tail-coverts are bi*oad-barre<l buff and bLicku 

In August the cock Grouse has, of course, the apj)e{irance 
of full summer- or autumn-plumage, but it requires veiy little 
examination to see that he has already begun to put on feathei'S 
of the winter-plumage. 

He BOW rapidly sheds the old feathers of tlie last wintei'’s 
plumage which remained throughout the summer upon his breast 
and abdomen, and repla,ces them w^ith the exceedingly luuidsome 
narrow cross-barred red or brown or hlackisli feathers of tlie 
■coining winter-plumage. 

There is no second moult or replacement of these feathers of 
tlie breast and abdomen in the cock. Once in tlie year is eiKiiigh 
for this special area, and the feathei’S that carry tlirougli are 
wholly of the winter-plumage. They are often broadly tipped 
■'with white. ' ''' ’ ^ 

The chin-feathers which survived with those of the breast and 
abdomen are now also replaced by new ones. It is noticeable 
that in the Ptarmigan also it is the white featheiing of the chin 
and of the bi'east and belly, as well as of the wings and tail, whieli 
is changed once only in the year, exactly as with the winter- 
plumage of the Grouse. It suggests that these two plumages are 
analogous in each. 

, The, ^pluiiiage-changes . in the Ptarmigan are, stmnge, to . say, 
qiiite different to tlie changes in the Grouse. I^he Ptarniigaii 
has three distinct moults and plumages in tlie yi'ar. Ihe lied 
Grouse has hut two. 

In August, asliiiBbeeii'sai(l,dhe.c(>ck. Eed. Gi-oiise lias begun to 
put on his winterrpliixiiage. I1ie fea the la-east ami 

alidomen a,i‘e full of sheaths and sheath-scurf, the growth oF t,!u}se 

feathiws being very' rapid .and; often sca,rcely notices d>!o. 

On the nnnp, back,, and to a lete extent on the shoubha-s, mnv 
rich i’(Ki-brown feathera^^^'fo^^ bliuh lines ari* showing 

here and there. 

Primaries, secondaries, tail-feathers and coverts a, re now re- 
placed by new and blackish feathers with perfect and unbroki-n 
outlines. ■ ■ ■ 

Even a few new inch, copper-coloured featliers are appearing ;is 
isolated touches of bright colour amongst the fadml broaddiaiTod 
autumn-feathers of the upper bi^east. 

The feet and legs are bare, save where new white feather-tips 
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are Just appearing tiirouglx the skin, and the claws of all the 
healthy birds are being shed. 

Ill September the cliin and throat of the cock Grouse are a 
mixture of many pale autumn-feathers much worn and faded, 
and a few new copper-red ones. 

Most of the autumn-plumage ” feathers are now falling out, 
more or less frayed and faded. 

The breast and abdomen, wings and tail are now clothed 
altogether new feathers, while the head and neck, back, shoulders, 
rump, and coverts of the tail are in a teinsition state, the 
autumn ’’ feathers contrasting with the new rich chestnut and 
darker broivnish wlnter-featbers with tbeir fine black transverse 
markings. 

The feathers of the legs and feet of healthy birds are rapidly 
growing to form thick white stockings for the winter. Bare legs 
in September are a sign of belated moult or, in other words, a sign 
of sickness. 

In Ootoher, for the first time since the preceding winter, the 
red and black varieties of Bed Grouse become once more con- 
spicuously distinct. This x‘esult is due to the new growth, of fully 
pigmented feathers, either red or black, upon the under surface 
■of the body. 

The upper neck is rapidly becoming copper- red. The chin and 
throat still show a proportion of the faded bufi;' “autuEin’’ 
feathers among the red, the former looking spotty and pale. 

On the back the new chestnut and black feathers are rapidly 
replacing the faded autumn-feathers. 

Some perfectly healthy cocks still look as if in “ autunin- 
pluTimge,” wdiile others, on the contrary, have nearly completed 
their winter dress. . 

The legs and feet are thickly covered with white feathers, and 
the nails are uniformly small, as the old claws have all been shed. 
Their growth, however, is ex;tremely rapid. 

In the cock Grouse drops most of the rexnainiBg 

“ autumn-plumage.’^ By the end of the moixth his moult is com- 
plete, but on the neck and back a greater or lesser number of 
these feathers are x'etained till the foilowing summer. 

The most striking characteristics of the winter- plumage aro the 
ricli copper-coloured neck and throat, and, in tlie <l?uker varietif.vs 
which are epmnn in the Senttish Highhuuls, the contrasting 
blackness of tlie Tipper breast and abdomen, oft(m })roa,<l]y ilecked 
with '.pure white tips. 

Amongst the cocks there are several ■well-defined and ea,sily 
rectognized varieties, which seem to hove a certain regularity of 
distiibutiori geographically. These will be found fully considered 
.below.,;!: b:'.;.. :■ ' V' ^ ^ 

It must not, however, be forgotten that owing to inimmei\a])le 
efibrts, which have been more, or less successfiilly made from 
time to time, to transfer Bed Grouse from one part of the country 
to another, the distinction of local variations has become a thing 
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of the past and is now impossible except upon a very limited 

*The attempt, however, can lie made, and the ^number of 
specimens in the Committee’s Collection ot ived (::.i'(ni.sc .skins 
makes it po.ssible to arrive at some conclusions. 

Fart II. 

Flumage Changes of the Hen Crouse. 

The two changes of plumage in the hen Grouse are coinpleted 
as has alreadj’- been explained above, in _ the one case bv tlic end 
of April or the beginning of May, and in the otlier case by July 

"™The"actiial feather-changes in both cock and hen are ivally 
very comparable in character, notwitJistanding tlie di.scrcpancv as 
to season • and allowing for the diflereiice of two months winch 
makes tlie moult in the two sexes asynchronous, they may ho 
described and explained in very much the .same terms._ 

- ' - ‘ the first to draw attention to the 


Mr. OLulvie-Grant was — -- 

excentional want of agreement in the seasons cliosen by the two 

sexes of the Red Grouse for their moults, and as in the cook s 
plumac'e he makes use of the terms “ autumn” ami “ ■wmter- 
bnimm-” or “ winter” plumages, which have therefore been used 
here so in speaking of the hen’s plumages it will be well to adliere 
similarly to the expressions used by him, and to ca,il them 
“ summer” and “ autumn-winter ” or “ autumn ’’ plumages, 

Exception may be taken, and indeed has been taken, to these 
mums as being inappropriate : and inexact, hut they ore sutii- 
ciently exact for all practical purpo.ses, a.nd so long as moults and 
pluma<''e-ohanges are not completed in a week but are spread over 
a period of several months, so long will there he some incxac-ti- 
tude in the terminology of these moults and phuiniges if they arc 
named according to the mouths or seasons. It is imiiinterial so 
loiif as the term is .sufficiently defined, for it is oliviouMly 
impossible to use a term so e.xact as to require no ddiiiition. 

The hen G-rouse moults twice in the yea,r, and wcms her 
“ summer-plumage ”, sis the bree<liug-dress front April l.o July, 
and her “autumn” or “autumn to winter” plumage from 

August to March. _ , , 

fhe.sc chnugea may be expressed m terms ot (toinpiirisou with 
tluf cock, as a case of plumage change in which the lu.m has l.wo 
annual moults, o.xactly as has the cock, but both moults occur two 
months earlier in the hen than in the cock. 

The hen’s “ summer ” or breeding-plumage is a very laiauiiful 
dress," variable to a, considerable, extent it is true, hut yet lia,ving 

a general uniformity which becomes the more obvious a, s a gi-oatcr 
series of skins in any particular phase of plumage is examined. 

Opportunities for even seeing the hen Grouse, to say uohbiiig 
of obtaning her skin, in the full breeding-plumage are rare ; 
and thus it has fallen out that in even the large series of Grouse 
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sldiis at Soiitli Kensington and o,t Oainbridge, for exaanple, this 
phase is somewhat poorly represented. 

The Gt rouse Inquiry Gommittee has been to some extent more 
fortunate and lia,s obtained a great many skins of hens in the 
siiiiimer-plii mage (see scliedule of material., p. 1022), so that points 
of resemblance can be noted at sigiit and indiriilua.l variations per- 
force take their proper and, a,s it turns out, ratlier less significant 
places. It lias been a marked feature in tlie whole collection 
of 580 skins, that as the series grew and the general uniformity 
beciuiie more marked, the individual 'lairiations of which one was 
inclined to malve imieh at first became gradually relegated to 
their subordinate position in the background. 

Uniformity, albeit wutli endless minor variations, is the rule in 
the Grouse as it is in every other creature tliat leads an unpin- 
tected existence under natural conditions. How long it will 
continue in the protected, often over-protected, Grouse, remains 
to be seen. It is possible that such variations as alreadj^ occur 
are to some extent a modern development, but on tliis point tliere 
is at present insulficient evidence to amount to certainty. 

Beginning once more with Jamutry^ and consideiing the 
changes of plumage from month to month in the hen Grouse, it 
may be sa.id tliat some liens when examined on tlie under side 
are hardly distinguislmble in this month by tlieir plumage from 
some cocks. On the dorsum it is difi;erent, and a, liealtliy lien in 
January is unmistakable owing to the terminal spots of buff which 
appear almost invariably, though occasionally in limited numbers, 
on the feathers of the back. 

In some liealtliy hens the chin is sometimes still pale buff* in 
colour, owing to the persistence of summer-plumage featliers of 
the preceding year. The throat and fore-neck, on the other 
liaiid, are copper-red, but rarely so uniformly red as in the cock 
(PI XOIY.). 

The cop|)er-red feathers seem to begin on tlie fore-iieek and 
proceed towards the Ginn, so that the chin often remains buff and 
black when the throat is already red. 

Except in very liaekvvard birds, whicli iia.ve been siclv, the old 
and failed broaxi-barred feathers of the Hanks are never found in 
January, The legs and feet a.re white and thickly feafliei'ed and 
the ela,ws are long and stiniig. ' ' 

In February tlie bird is still in tlie same plumage as in 
Janimry. In a few forward birds the feathers of tlie suiiimer- 
dress a,r6 beginiiiTig to make tlieir appearance on tlie back of the 
neck about the middle of the moiiuh. 

In Ma/rdb, the change from antumn-pliimage to spring breeding- 
plumage is, in healthy birils, now (piite iinmistaka'lde, though 
many birds are very backward owing to disease. All doubt as 
to ' 'the sex, whether' from above or below, is now removed except 
in cases of .diseavse. 

The broad-barred buff and black feathers of the flanks are now 
appearing and arennost’ conspicuous and ■characteristic, while the 
■ Proc, Zool. Socu-— H ihO, HOi 'LX.Y.L,' ■■ 6fi ■ ' ; 
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wiiole of tlie lower bren.st jmkI abdomen covered by tlie T'0(1-1)1 '()wii 
or red-black iiiiely barred fea.tliers of Septendier growth a,]‘e still 
ill excellent condition and remain micbanged. 

The chin, tliroat, neck, and upper brea,st are tio\v iiiixed witli, 
broad- barred black and yellow feathers in forwa.rd I')ii*ds ; 'while in 
backward birds tlie throat and fore-neck may still be eh id in 
copper-red featliers. 

The legs and feet are already looking worn and less well- 
feathered, but tlie claws are long. 

In April and in for the simple reason tlial- many lu‘ii 

Grouse died of Gmuse Disease during the past six yea.rs ol tln^ 
Inquiry’s work, the proportion of skins of backwai*d liens is 
large. 

The birds thus picked up dead cany one immediately bade 
again to winter, for although tliey ouglit l»y tin's time to be putting 
the fiiiishiug touches to their spring-plumage, tliey are, in fad, 
but just succeeding in tlie belated effort to put on tlie autumn 
dress. They ar‘e tlms a clear six months late, and alibial t lie most 
loisleading seasonal characters imaginable. I’lieir legs aiid feet., 
instead of being worn and almost moulted dean, fire at last., aftm* 
a winter spent with almost naked legs, well -clothed witli tliick 
white feathers. The fippearance of the legs tiiereforein tlie hens, 
as in the cocks, is totally misleading to the Keepier or t.o tlie 
Bportsman who considers bare unfeatliered legs to be a. sign of 
Grouse Disease. It holds good foi* autumn only, and in. spring 
precisely the opposite is the case, for in April, May, and June 
none but healthy birds liave naked legs and feet. 

The general character of advanced and healthy bii*ds to wards 
the end of April and in May is that of a complete spi‘ing >|>lumage, 
Tlie whole of the upperparts are bimclly Imrred with bulFand lilaclc, 
and marked 'with conspicuous terminal whitish-bulF spots or liars. 
The undei'paifs, again, are broadly ba.rred witli l iulf and lilaclc, Itoiii 
the eliiii to the throat and neck, over tl,ie breast and dow'ti tJio 
flanks, while the central lower breast and alidomen are sf.ill in 

the autumn-plumage of the previous Beptem her (Pis. LXA..X'V 1 . 

LXXXYIII.). 

White terminal spots may, of course, hepresent cm tlio broasl. and 
abdemenl These, are a local oi- an i'r,»(livid;u,al cba,,ractcn* wbicdi 
■will be 'mentioned later in -dealing with varieties of feather- 
pattern and coloration. 

The flank-feathers of the hen in the full spring plumage 
showMnuch diversity of pattern. This same diveu'sity <'vmi in 
the same mdividiial bird ha.s leil to the belief timt tine pattern 
may fee' changed in . an ■ unmoulted feather from - the a,utiimn- 
"plumage jarrsmgement of red-lirown and: reddisli-bhick finely 
.fearreciwith lines of ..black.to'a much' -bolder' barring-' of .buff a'lnl 
black: 'IT.Ims been' s,u'rniised,' from The e,xami,imti(:m 'of .single, 
■'feath'ers,:That' the'cdiange commences 'in- 'the , centre of the'featlim'* 
OB either side of the shaft, and gradually produces anoi.hcr 
'pattern";©! a -totally' difierent-' colour. v-B-ut- cam -this 'be , possible 
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in a feather which has long been fully grown, and which has 
presumably been long cut off from any blood or lymph supply 
and which is as dead as if it had been shed ? (PL XG.) 

It is almost certain that rearrangement of the pigment or of 
the pattern in this way is quite out of the question, and the 
reasons for so thinking lia,ve already been discussed. 

The legs and feet of the hen Grouse in April and in May are 
very poorly feathered and the claws are very long (Pis. XCII., 

xdiii.). 

In June the legs and feet are almost bare, and the claws begin 
to drop off. The precise date of this shedding of the claws is 
again really a part of the moult, and is, in consequence, equally 
dependent upon the health of the bird. Sick birds wdiicb have 
survived the spring mortality are always late in the shedding of 
their claws, and equally late in the changing of their feathei’S. 
The ck-ws are shed, both in health and in disease, but once a 
year, and the casting is synchronous as a rule with the dis- 
appearance of the autumn-dress. The figures (PI. XOIII.) by 
winch this process is illustrated i^equire but little explanation. 
The whole of the year’s growth of horny black nail becomes loose 
on the soft and growing vascular matrix, and when quite ready 
to be cast can be easily pulled off' like a little cap. The young 
nail beneath is at first soft and pink and vascular and very short, 
but soon hardens and deepens in colour, and in a month or two 
has grown to be a useful nail of horn. The transverse or 
circular groove \vhicli is left at the point of detachment of the 
old nail is quite a useful indication of age in cases where there 
is a doubt as to a bird being over twelve months old or of the 
year. The presence of the groove showing that the claws have 
once at least been shed is conclusive proof that the bird is more 
than twelve months old. 

In Tune there is another characteristic appearance in the hens, 
namely the bare patch of abdominal skin which results from the 
shedding of the abdominal feathei^s, gi*owB, in the pi^evious 
September. The loss of these feathers leaves a naked patch of 
skin on the abdomen of a ben that has been sitting, and this 
patch remains naked for the next few moiiths. 

The gemeral character of a June hen in health is that of the 
completed summer-nestling plumage, broad-barred buff and Black 
over all the upper- and underparts, excepting the abdominal 
a.rea, the lower breast, wings and tail. But it looks already 
soinewliat faded and worn ; and it is quite probable that in 
a,cquiring so perfect a plumage for sitting unnoticed on a nest 
built amongst the heather, the economic absence of the redder 
pigment in the feathers is in part a result of the acknowledged 
fact that for longer and more trying use and for weax'* and tear 
in feathers, darker pigments are required, wliereas for the short- 
lived and less exacting requirements of the summer-plumage 
in the Grouse from April to June the buff and black feathers, 
with very much poorer wearing qualities, are found to be sufficient. 
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The accoiiipanyiiig fignresof a. fe\^^ 'woni-oiit aii<l iiioiilting ieatlit:*rs 
taken from lien in suinraer-pliimage, show liow hisiinctly 
better the black pigmented piirts of the featliei* stainl wear ajicl 
tear tlian flie yellow parts (FJ. XCI.). Certain pigments ]ia\-e a 
value, therefore, of a A^i-y ]')ra,ctical mitiire apart altngethcu- friiin 
the iuo:re asstlietic point of vicAv of a-ttractiwuiess or the often 
rather iiA'jjothetieal r^iesv of assimilation to surroundings for 
piiiposes of safety or to assist in obtaining food. j;L<? would Ite 
innvise, however, who denied tha.t all three views may lx* 
reasonably held to account for the very beautiful nesting™ 
plumage of tiie lien (arouse. 

It very occasionally happens tliat the lien Chnuse, iiistent! of 
retaining the redder p]iiina,ge of the pi’eAUous airlainuds gi’owili 
on the abdoiaeii until it «lro]>s oil* diiia'ng incuhatioii, gj-ows an 
almost nniversal spring-plumage of biilf and blaek broad-liarred 
feathers covering the lower breast a,nd tibchinien as wcdl as tlie 
remaindei* of tlie liody from head to tail. A sldn sliowing tihis 
condition is preserveMl in the ISTational (Jollecdion, and there is an 
almost e(|ually perfect specimen in the Crouse .Disease inquiry’s 
Collection, No. 919. 

, The more usual pincedure is tlia,t the abdomina'l |)atcli of 
fuitumnal plumage is lost during incubation and is then quiekly 
replaced by a, renewal of tlie autumnal featliei's wlien the spring- 
plumage is also being shed. Tliere remains, boweveiv in tin? 
imijority of birds a very quaint growtli of belated sjiririg- jlliiunege, 
consisting of buff and black-barred featliei's in two lines dovai 
each side of tlie centre of the naked patch, as thovigli, for 
some occult reason, the intention to grow ‘Cs])ririg-p]uniage ’’ 
feathers upon this area had never bemi altogetlier lost. 'Idris 
peculiar persistence of belated intention sho\ws itself as a |,)atdi 

of yellow featlieivs made up of the two linear areas of featlier 

growtli in the mhlst of a rniich broa.der area, of the antunni 
red-pigmented featliers wliidi one woidil exiiect to find all over 
the alidomeii ( PI . LXXX IX.) . 

It is (;M:)riceiva.ble tluit a small persistent rennmnt sncdi as this, 
Imving no obvious connection with the stirroundiug plumage a.t 
the time or with the habits of tlm liird, or witli t.hfi seasiiiis,' uiay 
yet Inive sonietliing to do with the tlrird or lost “ Eelipse ’’ |)lnmag(^ 
which is still to he found in the gi'ey pinmage of thr* l.diiriiu'gun, 
Imt is almost eoropletely lost in the ease of tlu^ Bed ( I rouse. 

^ In. the sunniu^rqdirmage of healthy heiis is much worn out, 

frayed' at themidges and very definitely faded, and tlie feathers 
are 'ah'eady dropping out. , Omthe (diin, throat, and foi ‘o-ncMk' 
new red feathers of the -‘'ruttiinn-phniia.ge' hxildiig' rirllr a.Tid dai:k: 
■are already making their appeamnee. The back' is as it 'was, but; ' 
faded, and, ti,ie Hanks are. still .conspicuously broad-ba,,rre(l' with 
buff and lilack ; but the abdominal bfir ‘0 patch is nowgrowiin** 
new autumn-] iluraage feathers with great rapidity from tlm 
centre out wai‘( Is. 

The prinia,ries and secondaries have now (urininencieil tc) tnouit, 
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Tliere may l)e in July, in the ben, as many as six or eight old 
primaries in eacii wing wntb fr<‘iyed tips, still to be renewed. 

Precocious young birds of tlie year ca.n rea,dily be distiii- 
guislied in July from bens in moult, because in the former the 
da,r]v red-brovcn black-lined a\ituinn-pluniage is on tlie flanks, 
wliile the l)roa,d-l)arred buff and black, and i-a.ther wa>i‘ii-oiit 
chicken-featliers are in the centre of the abdomen. In the 
adult the distiibutioii is reversed. The broad-biiiTed InifF and 
black feathers of tlie spring- plumage ai*e on the flanks and the 
I'edder fine-barTed ant urnn-ph image is appealing in the centi-e 
(compare PI. XG. figs, a, c, A, Jc, & 7i, and fig. d). 

In skin No, 284 there seeims to be an unusual coniproinise in 
a very backward hen, owing to disease. The compromise is 
between the broail- barred and the \y inter- plumage wdtii its 
very fine black cross-lines (PI, XG. figs, e,/, I, rn). 

Tlie legs and feet in July a.re naked and tlie claws are very 
small ; but the featlieivs a, re already showing through as small 
white points, not to be confused with broken shafts, wdiich 
occasionally I'esult from w^ear and tear in woody heatber. 

The plumage of the lien Grouse in August is w^ell knowm. It 
lias already been pointed out in aiiotlier pamgraph lunv, owing 
to the sudden increase of oliservation and owing to the sudden 
arrival of op})ortiinities for exainining an enormous nuniher 
of birds over the wliole country during tliis inoiith, thei’e 
lias sprung up an idea, that disease amongst Gi'ouse lias a 
recrudescence in the autumn. Put tliis is not tlie case. There 
are proliably fewer diseased birds on the moor in August tba-n 
there are in July. In July, howTwcm, they are never seen, and 
tlierefoi'e not suspected, but in August they are almost invariably 
shot and carefully picked out of every bag, and owing to the 
general interest in the €|ne»stioii of disease, ai*e almost abvays 
noticed, and in a large jiroportioii of cases publicly notified. 

Hence the idea tliat disease makes a new start in August and 
September. 

As a matter of fact, however, tliese wasted liirds ai‘e almost 
certainly convalescent, Tliey have been diseased, and tiiey a, re 
still suffering from disease, Imt thanks, in tlie ma.joilty of cases, 
to their sex (for the imlk of the sickly autumn liirds ai'e liens) 
tliey have avoided actual death, in the tw'o liighest mortality 
months, Apiii and May. Once tided over tliose fatal moiitlis 
the food and general eomlitions of life improve, the w^eiglit of tlie 
cock goes up and the bakince is again in favoui’ of recoveiy foi* 
him; and aitliougii wuth the hen the exigeiua'es of incubation 
and the cares of the family continue to ini iitate against lier 
recovery until June and even to July, she then rapidly begins to 
put on weight, and in August and September has once more 
everything in her favour towards complete recovery, 

' Miiny sick-looking ■ piners ' are' ..sliot ujion ' tlie;. moors ' in 
August, but it shouhl be remembered that in that month they are 
3:*ecovering from rli'sease, not. ..growing worse';' and in September 
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many that were not up to the average weight the iiionth Ixfifore 
will now be practically normal and probably indistiiigiiislinhle 
from liealthy birdsj were it not that their serious n;:i,(lis|:)<:)siti<:)ii 
of tlie preceding months has put them behind their fellows in tlie 
matter of feather-change. 

In August, therefore, the Committee’s cdloetion of skins 
contains a large number of examples of lien-birds sliowiiig 
deferred moult and belated growth of feather. 

The normal healtliy lien Grouse in August has aireaily |:)at off 
most of the broad- barred spring- plumage feathers of lier nesting 
dress, and is very much like the cock-bird in appearance, with 
the same dark red-brown vermiculate or iirie-barred jiliimage 
unrlerneatb, wdiite- flecked or not, as the case may be, and above 
with a, mixture of featbers new and old. 

The legs and feet of a, forward hen are already showing cfuito 
a fair growth of wdiite featheivs, and the na;ils have all Ixaiiii slied, 
Tlie claws are theiefore slua-t and ratliei* soft and the transverse 
sulcus or groove at the point of detachment is clearly niarked. 

In the wings thei’e may still be a numbei* of piimaiiea to lie 
changed. 

In the convalescent “piner,” on the other hand, the ca.se is 
often very difierent. 

She has still a most deplorably bleached and weatliered 
breeding-plumage on her, with w’orn-out feathe:rs, frayed or ragged, 
often with saw-toothed edges, showing the different effect of wear 
and tear on the pale buff-pigmented and black-pigmented parts. 

The bird in this belated plumage has quite na,ked legs aiid feet 
and long unshed nails, or may at the most be just showing tlie 
points of a ne^v growTii of feathers through the skin ; and in this 
state slie is conspicuously shabby and ill to look upon in comparison 
with the splendid pliiniage recently acquired by her healthy 
sisters, and by the now aJinost universally healtliy (iocks. 

But the point above all others to he remeinbered in this 
connection is that this lien is convalescent, and still has a couple 
of months of gooil food and good weather, as a rules, in whii^li to 
complete her convalescence before the winter C(:>mes, 

If the spring outl weak of disease hiis been severe--- that is, if tlu^ 
general weather conditions of the preceding w'inter a-iul early 
spring months have been such as'^ to conduce to a. licvivy anti 
widespread iiifestment of the grouse with tlie ii:nln:us(*(>pi(:rktrv;*il 
tii(fliostrongylus--~then both- cocks and hens 'W'ill bo -(iqiially in- 
fested. ' But the breeding-season ami the (Rmconiifiant ' ii, ends o-f 
the two sexes are, from April onwartis, (piite distinct. 

■■ ■ TTieumdt of This'is that there ismften a. large inortalitj'of 
cocks in April and - in May,-' and a much less markef! mortali'fcy of 
-hens, probably in tbe proportion .of 'Seven or eight (jocks' to.xine 

hen, but definitely occuriing in the same two HKHiths. 

There "is, no great 'mortality fro.m strongylosis' in .any othe.r 
m„onths-:of : the, year.' ■ Yet, 'notwithstanding'''this, after .May -the 
■cock8-are;sudd6nly'reliev6d'and-3:*apid]y'reco'ver,,so',-t]'iat by'August 
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tliere are almost no sick cocks ; whereas, after May, the hens ha\*e 
still two very trying months to face, and although, thanks to the 
abundance of food, they probably most of them or nearly all of 
them succeed in struggling through, yet by August they have only 
just been relieved of their more pressing cares and disabilities, and 
so in. August a very great number of them are still found to be in 
a very poor condition. The moment the disabilities are removed, 
liowever, they begin to recover, and it is this point which ha.s so 
constantly been overlooked. Sick birds in August are convalescent, 
and however xnany there may be, it is not a sign of a new out- 
break of disease, but a sign that the past spring infection was a 
hea,vy one, though less fatal than it might have been. 

At the end of their owm specially critical periods, the cocks 
have at any rate June, July, and August in wkich to pull them- 
selves together bj^- means of good food assisted by good wmather; 
whereas tlie hens, at the end of their owm specially critical period, 
have August and September. Hence the preponderance of sick- 
lookiiig hens when the shooting begins, and the widespread, but 
erroneous, belief in a recrudescence of disease in autumn. 

To return to the further consideration of the hen’s change of 
plumage in September, her finest feature is now undoubtedly the 
clean new gro’wth of bright red, or dark red or even black and 
white-flecked feathers of the breast and abdomen, with their 
narrow but even blacker markings. 

The wdiole of this tract has now been shed, but is so quickly 
overgrown! again that no bare skin is visible save in the middle 
area of the abdomen quite low down, wdiere, as has been already 
pointed out, the new growth is of belated feathers coloured a-s 
in the spring-plumage, and therefore quite difierent to the rest 
around them. 

There is still, as a rule, no access of new red feathers on the cliin 
or throat of the healthy September hen, or at the most but a 
feather or twm. But in the sick hen there is still often a sprinkling 
of the old red feathers of the preceding autumn- pliimage, very 
fjwled, amongst the faded buff and black feathers of the belated 
spring-plumage. ' 

On the back of even forward hens there is still a mixture of old 
a,nd new plimiagG, and the scapulars are often faded to some- 
tin ng like black and white, and are badly frayed at the ends. 

The wings liave now^ almost comphded their moult, but there 
may still be a primary or two to change, even in very forward 
birds. 

The legs and feet are rapidly becoming feathered for the winter, 
though ill backward birds which have been sick they are still 
quite bare, and now, of course, this feature is quite truly to be 
taken as a sign of sickness and disease, though in a convalescing 
■bird.,. , , ' 

In October one may find a very backward bird with as many 
as three worn-out primaries in eitker wing to clmnge ; but, as. a 
rule, the' wing is perfect,' the primaries 'and, 'secondaries 'and their 
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coverts all completely new, i.uid iiv tU<.5 tfo.l the I'OctruTH ju’e 'hdl" 

grown, ' , 8 -1 11 

The legs and feet are lu'.nv also fnlly ie;ithei.*e«i, tlioagTi the; 

thickness of tlie growtli incj‘ea,ses mn the winter cold oono-s on. 

Oil tiie hack tlio bird now looks tVers!.! and riidily e;oloiiri‘d, Iroirs 
head to tail, but a close sir'iirch. 'swill, a.!wa,ys disidoKn a. noiuhiM* ol, 
spvriiig-plumag'e feathers 'wiiich h.a,vc still to la* thrown olL 

BeiieaTln tlie rich. .red-(*oppe,r cc,MOur .is grahuaJl}' ,ro|j!??.ci!ig aJI 
the previous bull* on the chin jnnd tlirojit. Tlie cliangH* lia ngs firi! 
a little on the neck ainl upper 1.)i*ea,st, but it is still |n’ogrestsing- 
Whereas on the lower bi,*east a.nd belly tln^ rich I’cd, or ilarlnn” 
winter-plunrxge with it.s Ixeantifid fine biack cros,s-liues ami, |:mr*> 
wdiite flecks is a, very striking fea,ture. 

There are, in tlie Ooininittee’s collection of skins, a nuniber of 
examples sliowing tlie result of ilisease in (leferririg the inoidt : 
many of tliese liirds, even in DcToiier and .November, Im-ve made 
no effort to get lid of the old, faded and cMimf.iletely wiUMi-cmi; 
spriiig-phnimge. Tlie nmjorit}^ of tliese bir<ls lin;v(; bemi so 
diseased in s|;),,riiig that tliey liave not l:).rcd. a,t all. d,Tie ovariivs 
have tliroughout the season sliown no <leveio|>inent at ail, a.nd 
tliere are no .signsj even in the ea.vliei- months, of tlie shedding or 
development of ova., or of any increase in size of the oviduct. 
Tlie}" have been true bar;ren liens. 

In some cases {e. g. in No. 1247) tliere aj;e featlic'rs of l:l'iree 
separate ■ plumages i.n Nh:.)vembei*. There a.re the faded s|iriiig-’ 
plumage, feat he.rs of tlie current year, but mixed up with, tliem 
here and tliere are new feathers of tlie aatunrvnphnnage coming, 
and here and tliere exceedingly old worn featiievsof tlie avd<uinn« 
plumage 'of the year before, 

NTn 1225', an October lien, shows exceedingly "well how . the 
bare I.irooxly pateii of the aixlomeii grows delayxMl hrx)i.i«h-bar,i.’e<l 
buff and black featliei*s, instead of tlie iine-baiTiMl iiaiker a.vitum:in 
piuniage featliers wliich surround tin; ]>atcli, Thi'se brtiaildiJirnal 
feathers appear in two pandlel rovs, breaking through tlm skin 
of the brooxly |>atcii on eitlier si<h;‘ of tin* .median liin^ ; f,liiH 
growtii is also well shown in a specimen at the I'kaiish ,Museu.m 
of ' 'Natural ,lIisto;ry, whicii shoe’s the point exceotiouali v vvel'l 
,(.Fl LXXXIX,).' 

In ' the chief alteration is the completion of the 

a,.iitiimini.nov.ilt ami the assnmption of the autumm'plumagm 
featliers',of the upperparts liave. black niiildles, amt are 'ba-rrefl 
witl.n rufous-chestnut, and 'ornamented .with 'tiie elmructerisiic 
vvdiitcmnvbulffcoloureil teriniiial sp 
.'.'III Dece.mhm'' the hen is in full at.itu'mn-winter phiinagm 
On the legs, and' feet" she is well and. thickly feathered; and on 
.the, under .side,' the' ehm and ■■ throat' .are' .dark red, as, w',ell his 'tlie 
fere-neek, and. marked ■with broadei' black bars tha,n i'i|'>ontlie low.er 
breast and', ..abdomen, '.wTiere. the ■marki.rig is of, the fii^'ier type and 
the colour distinctly of the redder and darker autumn plu'mage. 
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Part III, 

Local Variation in the Flumage of the Feci Grouse. 

The following notes are the outconie of an attempt to find 
some broad ditierences between Olrouse from the liiglilaiids Jind 
Lowlands, East Coa-st and 'West Coast j English, 'Welsh, a,nd 
Irisli moors. 

It seemed possible that, with a large series of skins of a species 
peculiar to theBiitish Isles and at the same time so yariahle, one 
miglit discover points in the coloration of the pluioage or in the 
size of the birds wliich could be attributed to some of the varying 
physical conditions under wdiich they live. 

The artificial transportation of Grouse from one county to 
another*, generally from the southern moors to tlie northeiii, 
often far I’einoved from one another and with very different food 
and climate, has no doubt to some extent confused the issue. 
But this is a difficulty wdiich wall increase ratl)er than decrease, 
and it is even possible that the purity of the British breed, at 
present the only species of bird peculiar to our Islands, may 
before long be entirely lost by the introduction of a foreign species 
on the mistaken supposition that the latter is freer from tlie 
parasite of Grouse Disease. This is not the case, and even were 
it so the species has already been introduced here and there, 
and there 1ms been some interbreeding with our o-wn lied Grouse. 
There was at any rate some reason for thinking tliat, unless the 
oppoi'tunity for collecting a series of pure-bred Britisli lied Grouse 
skins had been taken by the Committee, the saarie wide oppor- 
tunity might not have occurred again before the introduction of 
foreign species had beeoine popular. .. 

The Grouse Inqiiiry’s collection contains 580 skins of the Red 
Grouse, inciuding 540 adult birds of both sexes and 40 chicks and 
pullets. These, hoivever, cannot betaken all together in one 
series. It is essential, for purposes of comparison, that tlie inal© 
birds in tlieii* two plumages sliould be taken separately in trvo 
lots and the females in a similar manner. Therefore the skins 


Imve to be divided a.s follows : — 

]Vo. of s'Vhis. 

Maleddrds m wdnter-plumage .... 241 

Male biids iimiutunni-plumage 120 

fbrmale birds ... ... 108 

Eeiinile birds in suminer- plumage ... ... ... ... 71 
Inimature birds of the first 6 months ...... . . . 40 


The largest series of skins is therefore that of the male birds in 
winter- plumage, and it so happens that this set, both as regards 
sex and plumage, is best adapted by its general uniformity to give 
some result when airanged map- wise over a large outline of 
Scotland and England. ;■ 



1022 be. E. a. WlLSOJf ON THE [Jlli:U3 14 , 

The folIo\Yiiig is an analysis of the greater part of tlie collect, ion 
of skins : — 
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Jan. to May. 

Juno to Dec. 

H ov. to A])!', 

May tt> Oid- 

',i'oi!d,s. 

Caithness 

22 

3 

r> 

3 

33 

Sutherland 

12 

4 


8 

2r» 

Ross 

(> 

K? 

3 

■1. 

21? 

Inverness 

30 

14 

5 

8 

57 

.Nfiirn 

0 

1 

0 

0 

1 

Moray 

11 

0 

1 

0 

1,2 

Banff 

5 

0 

0 

0 

0 

Aberdeen 

3 

3 

0 

3 

9 

Kiiicardiiie 

2 

0 

2 

0 

4 

Forfar 

1 

1 

0 

3 

i> 

Perth 

17 

10 

5 

13 

51, 

Arj^vll and Mull 

19 + 1 

5 

0 

9 

34 

Dumbarton 

14 

4 

3 

1 

22 

Stining 

1 

3 

0 

•t 

8 

.Fife 

1 

0 

0 

0 

1. 

Haddington 

3 

0 

1 

I. 

5 

Midlothian 

5 

0 

0 

2 

7 

Lanark 

1 

1 

0 

1 

3 

Ayr 

1 

2 

2 

5 

10 

Arran 

4 

4 

1 

1 

10 

Peebles 

2 

1 

0 

0 

i 3 

Selkirk 

7 

4 

0 

4 

1 15 

Box burgh 

0 

4 

1 

2 

: 7 

Dmnfries 

8 

4 

4 

2 

18 

Kirkcudbright 

5 

3 

1 

0 

9 

Wigtown 

0 

1 

0 

3 

4 

Northumberland. 

9 

1 

4 

2 

16 " 

Cumberland 

1. i 

0 

0 

■■.'4 

■ '6' ■■ 

I)urh<am 

0 

0 

' 1 

0 

■ 1 

Westmorland 1 

8 

1 

2 

' ■ '"1 

12 

Lancashire 

2 

1 

1 

■0' i 

4 

Yorks 

28 

13 

14 

13 ■ 

68 

Derbyshire 

1 

0 

0 

I ■ i 

2 

Wa,.lGS 

' 10 

0 

3 

0 

13 

Ireland 

0 

0 

0 

1 

1, 


240 

110 

61 

90 

510 


' Haan'iig thus sorted the skins into lots wliicl) j'lre stiiUeiently 
iiniforni to allow of comparison, and having a,iTarigf‘il one <d- 
these lots,, the. cocks in their winter- plumage, for inst-nneo, 
according to the locality from which they were oh ti lined, it 
■becomes possible to' make the following general deductions 

,L That the general uniformity is' very much nioiH'nmarkeil/tiliim. 

. might have been expectexl considering i:he ehaiuctHW fiir 
' variability which lias.^ always been attributed to tlie l)ird ; 

■ the variability is , lost ^ in the mass,,, though ' ■ it ■' is. visil,)Ie in 

■ individuals. 

■ ■ 2,' That, allowing for a'good'many exceptions, .there is ceitainly a 
■ ■ greater. tendency to blackness in the birds of ■.the' northern 
Higldands tha 

' Or,, ..one; may ,say;’' that,., 'in ' passing^ from :, the Inorth' of. 
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Scotland southward and westwa,rd thei‘e is an increasing 
tendency to the bright red and dark .red types of Grouse, 
which cnlniinate in the very characteristically briglit 
i*ed bird of Wales and of the Midlands of England, in 
wliich the predoniinatiiig colour of the featliers of the 
breast a.iid nnderparts generally is red witli fine broken 
bh'ick cross-lines, and these are sometimes almost absent. 

3. lids gnuliial change from nortli to south of black, or red- 
and- black to dark-red cocks, and farther sontli, to brightred 
cocks, is accoinpaniad (speaking vei*y binadly, for tliere are 
many exceptions) by a loss of the white terminal borders 
which chara,cterize the feathers of the abdomen. 

There is no doubt that the blacker birds of tlie Highlands in 
the north of Scotland are more frequently white-spofcted beneath 
than the birds obtained farther soutli. 

Nevertheless the white spotting is not confined to tlie bla,cker 
01 * to the darker birds, for it may be quite a conspicuous feature 
in the bright red birds of Wales and England, tliough in the 
lowlands and in tlie north of England, especially in Yorkshire, it 
is a rai‘e clijiriicter, only exceptionally met with. 

Mr. Ogilvie-Grant, in his ‘ Handbook to tlie Game Birds,’ 
1806, says, “The ordina, ry varieties of the male may be divided 
into three distinct types of plumage : a red farm, a black fornij 
and a tohite-spoUed/orniJ^ 

The red form, he says, “ is mostly to lie found on the low 
grounds of Ireland, the west coast- of Scotia, nd, juid the Outer 
ilebrides ; a,nd this statement is borne out not only by the 
Inip:ui‘y’s colleGvion of (:lr(>nse-skins, but by tlu3 interesting collec- 
tion, .ma,de by M'i% T. E. Hockley, now in tiie Gambildge M’useuni. 
Similar l)ir<ls liave been obtained in some numliers from the 
following areas : '~'“-'Oaitb,ness, Siitlierland, tlie Lewes, and Inver- 
ness-slii're, ■ From .Btiriing, Selkirk, Northiinibei*land, and Wicklow 
only one or't'wo .have been examined, but in Wa,les the red type 
is almost always uiet'.with.- Welsh' blrds'are often most tyjiically 
ancl ' u.iiifornily very bright red, I)n,mfriessliii‘e also undoubtedly 
prod'uces/a hirge pi*o|)ortion of the sj-nne red typo. ' 

I’lrigbt i‘od bi:rds are not eoinmonly ob,a.ra,cteristiic of Iloss-sliire, 
Stiriingsliire, or' Nortbiimberland, notwithstanding the fact that 
'Ml occasional example of this type may he' found, there, Dum- 
Iiartonshire, however,, is said to', produce' more, birds ' of a briglit' 
.red type, than any other, so 'also is 'Argyllsliire, and.'both' these 
counties fall in witli Butherlandshire as forming, part of the .west 
co.ast of Scotland. , , 

■ The follow.mg, specimens have been fig'ured to illustra-te the red 
form of the cock Grouse 

Plate LXXXII. Upper surface, red type in wixiter-pluinage. 

. Male Grouse,, No. ' 630 . ■ Wales, ; 18, iii.OT. ' 

■' Plafe LXXX, '■ Und6r-surfac'e,,red'type''iii. winterqiluma'-ge,' 

, Male Grouse, ■: 'No.'. 'iO?.. . Glendoe, /.Inveriies'S'-shire^^^ 
,''7.xi'hOCK 
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Fla,te LXXXIY. Under surface, red type, eliaiigiiig fr<nii 
wiu tei‘- to Ji lit u u \ 11 - p 1 u 1 ri age. 

Male Grouse, Xo. 915. Eorfarsliire, 4.\'i.0/, 

Plate XCYII. Under surface, variety of rial 1y|:>e iii 

avitujini-pluinage. 

M'ale Grouse. Lo(‘lii tSwei^ii, lO.viii.O^. G. (J. S. llrrsoiis, 
Brit. Museum (Nat. liist.), 92.7.15. L 

Tlie second or hlach form of cock Grouse is, acia.irdijig to M r. 
Ogilvie-Graiit, rarely met -'witli, most of tlie black birds lieiiig 
mixed with the red, or the wliite-spotted ioi/ms. 

In the Committee's Colleetioii there are a tew vcia' good <rX" 
aniples of the reall}' black type, and they ecmie from tlie iolh-wieg 
areas : —Caithness, Sutherland, Perthsliiiay ] luinhartiiiishire, and 
Yorkshire. 

More or less typical examples has'e also been obtained from 
Ross-sliire, Alieo.leenshire, M orav shire, K iiu-aiM line, Stli ling, 
Fifesliire, an d Laiica sliii'e. 

At Amwcastleton, the low-lying grassy moors are cr«Mlit.e<l with 
tlie production of the black type of Grouse, wlrile the othm* types 
are found on the Irigher heatiier-ground. 

The following specimen has been figured to illust.rate the I lack 
type of cock Gi'ouse : — 

Plate LXXIX. Under surface: black type in winti*!'' 
plumage. 

Male Grouse, No. 725. Perthshire, 4.iv,07. 

“ The third or wMie-spotted form tlie feutliers of the breast 

and belly, and soinetimes those of the bead and upiierparls, tip jam 1 
with Avhite. Tlie most typical examples of tliis variety are foum V 
as a rule, on tlie high grounds of the north of Hcothimit' 

This statement is again confirmed by the Grouse Inquiry’s 
Collection, although an occasional white' spotteil bird malvcs its 
appearance farther to tlie south. It is, liowe\*er, tin* exee|)l-ion in 
the south, whetlier it be of the red or Idaek or internuMliaf i' tyjH\ 

The most 111 ark ed examples of this white-spotted form lia\M‘ 
come from Caitliuess, Hutherlaud, and Inverness, w li i \o 1 )um f ri es, 
'Pertiisliire, and Yorkshire have' t a eh provided one or two, very 
fair examples. . 

" ,A,.t Dingwall birds are 'said to be most coiiinicmly dark .rra'l or 
blacky wi til wdiittMaeneath. 

At ■S(aafton,,Middlehain,,the majority lu we white hi‘iieatiq and 
all are dark red or bright I'ed. 

, .The predominance, of .white beneath is quite (M')ns|,m,*u'oi]s in 
a : geographical arrangement /of a largo, number of skins, as a 
character of the north of Bcotlaiid, especially throughout tin* 
Highlands. , 

, /The .following; specimen .has been figured, illustrating the white- 
spotted'type of ro.cdv. Grouse ' 

, 'Plate LXXXI. , Dhuler surfaces wdiite-spottiM '■ 

", Male, 'Grouse, ■ ’No. IB77. 'Mora-yshire, ':24,iv.,08. 
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riling next to the female Red (:Jroiise, no less than five 
(listiiKit types are desei*ibed hy Mr. Ogilv ie-Grant : — 

L Tlie red. 

2. The blade. 

it. Tlie white-spotted. 

4. 'Idle hi di-spot ted. 
r>. Tlie liulf-liarred, 

11,1(3 difficulty in sorting out hen Grouse into these classes is 
tliat a single bird may fall under three lieadings a,t once. A. hen 
(jiiivise may be at once .Buff-spotted, Wliite-spotted, and Red or 
Black, for tlie wliite spotting is a,n independent cba,i*acter and 
may occur on any type in the aiitnnin-pluinage of the Iireast and 
idxloiiien, and this may also be deffoitely of the I'ed or the black 
type. ' 

in tlie Grouse ln{|uiiy’s Collection, the first or red type is well 
i-epresented from all [larts of the country, and follows very niuch 
tlie same distriliution as the red type of the cock Grouse. 

Red examples were procured from the following area,s : - 
Sutlierlaud (il), Argyll (9), Arran (1), Ilundiarton (1), Cumber- 
land (1 ), Westmorland (I), am, I Wales (3), all bright red birds; 
Ross-sliire, all dark red ; Inverness-shire, (3) very briglit red and 
(3) very dark ivul birds; Aberdeen, (3) very dark red birds ; 
Stirling, (4) red birds, with very fine black markings on the breast. 
Perthsliii'e, Mor.'iy, Kincardine, Dumfriesshire, Kirkcudbright, 
Northumberland, Durham, and Yorkshire ivere all represented 
by red liens, generally of the dark i*ed type. 

Tlie following specimen has lieen figureil, illustrating tlie red 
type of lien Grouse : — 

Plate LX'.XXyiI. Under surface: red type changing from 
winter- to suininer-pliimage. 

Female Grouse, No. 22(), Roxburghshire, 23.v,0{). 

The secoiid (ir black type of hen is certainly^, as Mr. Ogilvio- 
G rant says, extremely imconimon, and only one or perhaps two of 
tlie Committee s liirds should be included under this lieading. 
'I’wo others are, however, so dai-k as to come with difficulty under 
the (*a.tegory of red liii’ds. 

Caithness produced a. really black lien bird (No. 418), tbe sex 
of wliicb could not possibly ha,ve been determined fmm its {ilumage. 
It ap[a‘a,rs to be an old hen, wliicli has assumed niale plunmge, 

Specimen No. 338 from Inverness is almost as dark a bird, 
and N<). 559 is a very daidv red(,lish-black bird. 

No. 414 froin .DnmliaiTonsbireissivn a casein which tliere 
seems to be more hlacffi than dark red. 

Tiie following specimen has been figured to illustrate the lilack 
type of .female Grouse . 

Plate LXXXV. 'Under surface: black type Ju;, 'autumn- 

, , ■ plumage.".. 

."Female Grouse,. No.'. 418.' ' Caithness, 3.1, xii. 06. ' .. 
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Tlie tliird or white-spotted type is less rare, ;xik 1 oeciirs, 
according to Mr. Ogilvie-Grant, much as it occurs in tlie .male. 

In the Oominittee’s Collection it is well .re[)resente(l I))- Ijirds 
from Sutherland (Ko. 1336); Iloss-Kshire, a l>ir<l of tlie red type 
(No. 176); and Inverness (No. 321)). 

It was less to be expected tha,t exjimples both of tln^ i*c<l ty |H* 
and of a darker type, bor(le.ri.ng on the black, sboiild litu’c iH^mi 
met with in Yorkshire, Lancashire, and Westmoilaiid. Single 
examples were also procured in lliimfriesshire ami Iviiieartliiun 
There is a fine Irish example from Co. Ma,}a> in the ilritisli 
Museum (Natural History), No. 99.12.1,1. 

The fourth or buff-Kspotted type of lien Crouse, said to bt* 
much the commonest and most usually met with, ba.s tlie 
feathers of tlie uppei‘pa,rts spotted at the tip with vdiitisli-lmil?'’ 
This type is generally distributed, and the Ccininiittec’s Collection 
includes examples from Caithness, Sntlierlaiid, Boss, Itmthsliire, 
Ayrshire, Kincardine, Dumfries, Noithiiuiberlaiul, Yorkslrirc, 
Westmorlan d , aii d I janca-sb ii.*e . 

The fiftli or buff-liaxTed form, according to Mj*. flgilvie-Ilrjint), 
“is met with in the south of Ireland, and resemlilcs in winter 
(autumn-plumage) the ordinary female in lirecdiug [diumige, 
having the upperparts coarsely barred witli buff ami lilacL Vm'v 
little is known of this last variety, owing to th(3 dilliculty in 
obtaining birds, except during the shooting season.^* 

Unfortunately, the repeated endeavours of tlie Crouse Iiu|uii;y 
Oommittee to obtain specimens proved unsuccessful, and one Iiein 
only was obtained from Donegal. This bird (No. 1217) was a 
very typical example of the buff-barred type, and it eerta^inly 
differed from anything procured either in Bcotland, Englaml or 
Wales. 

Plate XGVIII. Under surface : bnlf-barred form in siritiunn- 
phunage. 

Female Grouse, No. 1217, Donegal, :[reland, 1.7,x.C)7, 

The nearest approach to it was to be found in i'our lions from 
Selkirkshire and in hens from Inverness-shire, wliicli ■wt'.re more 
; accurately described im buff-.baiTod tha,n a,H'bri,ffnsp()t:.tc<b 

■Single examples from Lanark, Midlothian, Boxhuigb, 
Haddington, and Northurnberland might be refmind i,o the ladf’ 
barred type, and the females from Yxmkshire we)‘(udl ratlaw of the 
buff-baiTed none of these birds iwid quite iilm same 

markings as.the Irish .exampley See Plate LN.XXVL, Ihmsale 
Grouse, in full siimmer-pluma.ge, Scottish buft’-barred tyiaa 
Plates XCVIL, XCIX,, and Cl. 'represent' 'almormai varietiil^si 
'■''of;, the Bed Grouse and are' drawn 'from speeimens in tlu^ lh*j<a‘slr 
Museuhy'(NatmM; History). ..They are described on p. 1033 iu the 
„ explanation' of the, Plates. V. 

Two points in connection with the distinction of old 

Gronse_ from young, and of . cock -Gronse from hens, are of 
perennial interest both to the gamekeeper and to the sporteHn, 
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Ko discussion is more apt to produce different opinions tliaii that 
which, arises 'upon the a,ge or the sex of certain stages of moulting’ 
Ci rouse either a-t the luncheon hour upon tlie moor or in tlie 
gnime-larder when the day’s bag lias been overlianled, sorted out, 
a, mi hung upon tlie hooks. It must be at once admitted tliat 
tiiere are individual cases, by no means very rare, in wlueh. 
it is almost impossible to tell the sex witli cert;:iinty u,iitil the 
liii'il has been cut open and tlie inteiiial anatomy examined. In 
tbese doubtful cases tlie only way to settle the point is to cut 
the bin! open down the middle of the abdomen, carefully turn 
over the whole of tlie intestines from the right to the left — that 
is, from tlie bird’s left side to the bird’s right side, — without 
tearing the attachments, and then, having exposed to view the 
flattened reddish portions of the kidney which lie closely pa.cked 
on each side into the inequalities of the backbone and pelvis, to 
see whetlier the uppermost portion has overlying it an ovary or a 
testis. 

In the breeding-season, and in a breeding bird, there can be 
no doubt wliatever as to the sex, for the ovary is a conspicuous 
liunch of more or less developed ova- in tlie lien ; and in the cock 
the testis is a- conspicuous iniind white olijeet as large as the 
kernel of a good-sized ha-zel-nut on each side of the backbone. 

Tliere is Imt one ovary, ami it lies always on tlie left side of 
the backlione of the bird. There are two testes, one lying on 
eacii side of the ba.ckbone, the left one generally at a slightly 
lower level than tlie right. 

This development of the ovary only on one, the left, side is tlie 
r<:‘a,son for advising the examination to be ina,de as descrilied 
above, on tlie left side always. One testis or the ovary cannot 
then lie missed. 

If the bird examined thus is not breeding, as may often bo tlie 
(^ase with birds found dead of disefi.se in April and in May, the 
discovery of tlie ovary is still a matter of compara-tive ease, and 
the 'discovery . of , the ■ testes even easier. The testes are alwa-ys 
somewha-t enlfirged in the spring months, wliether the liird be 
iliseased or not, and they may be the size of a pea. oi: larger, and 
will generally be white. The ovary maybe sma-li, but.w'ill a.lways 
be like a- portion of hard cod’s roe, in which the ova, thougli no 
liigger tlian a pin’s head, a.re distinct a.nd ■numerous.,. Tlie 
undeveloped ovary of an adult female (-Arouse would a, bout; cover 
a tliree|;)enny l-mt is always -rather long and tiiangular in 

sliape instead of. circular. 

'Idle oviduct' in a breeding ben is a large and conspicuous part, 
and Ilia, y, .of- course, contain an egg with the s'liell- in course'., of 
"formati,Dn, , being pigmented in preparation for laying. Tlie 
ovidi,ict in a' barren bird, or in a hen not in the 'breeding-season is, 
'a very much less' coBspicuo'uH object, and will be less, easily found 
than , the sxruill and undeveloped ovary. ' 

If no ovary is seen otr' examination,, and 'a' very .sma, 11 blackish, 
or, wl,iitisli 5 or, par fci -coloured object, is' .found, in ', its' - place .whi(;dvi.B 
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suspected of being a testis, tlie intestines niiist ^ioiildy 

separated from tbeir attachments alxnit the middle lim^ oi iilu‘ 
hack, and tlie otlier testis must l:'>e sougdit tor in about, idn^ stfivie 
position on the opposite side. 

Even in a voung bird tlie ovary shows ov;i. witib .siilTic'ieo}, 
distinctness to make doubt as to its sex: jui im{):)s.sihili(,y ; hut; in 
a. veiy young nia.ie bird the testes may l,>e so small, ami, iHUitg 
veiy often quite l)lack, may locdc so unlike wliat, is exj>e.cted thal. 
hotii should be sought for and found before arriv ing at, a. eer(,.iiii 
conclusion as to sex. 

It is easy, if tlie intestines are rougldy handled a.rid ttie 
attachments torn carelessly ;.iAvay, to carry aovay tiu^ t,(:^st:es or Ivhe 
ovary from their proper position surd to remove itn‘m with iiie 
intestinal atta-climents. Tlie peritoneal folds are <h.‘licat,e and 
require careful liandiing, ami they overlie the generative oi’gans 
and the kidneys ; but a very little pra,eti<;e will enable anyone i,o 
do the necessary dissection witli certainty a, mi to arrive at, an 
irrefutable diMgi,i(>sis as to sex. 

It may be said tliat tliere is no otlier infallildc^ im'ans of 
arriving a.t the sex of a Ginnse at certain times (d‘ t-iii* year, for 
it has so often lia.ppmied that experienced a,nd careful gatin'- 
keepers, who ha.ve handled Grouse for a, hliitime, liave smit in a, 
paper filled in for a certain specimen as a, cock, vviien the s{>ecinien 
has turned out to be a lieu, and iu'ce versd. Tlie mistake is., 
unavoidable and excusalile, for in ceittiin indiviilual G rousts in 
the autumn nviii ter plumage there is no reiialde (diiv!va.cti:v!*ist:ic 
ill the feathering or in the supra.orliital com!) ( PL XlIV, figs* 1 
& 2), or in any external part of the bird, by whieli tlie sox can lie 
disbinguislied. In most Red Grouse, even in the vast inajorif.y, 
the confusion of sex is not possiliie, for it is a matter of vtommon 
knowledge tliat for a great part of the yea.r ilie cock and tlie 
hen are so wholly unlike one anotlier as to make ii:i dfliiiailli for 
anyone who did not know the birds to believ'e tlnmi to Inv of tlie 
same species. Even in the summer months, when tlie cock puin 
on a plumage closely simulating the bree<lirigq)hiniMgt> of the Inui, 
there is a difierenee in the general tone and colour, and confusion 
is not likely. In tlie autumn n.ud winter it is (•ompara;t;ively easy 
to mistake the sex of sonur individuals, xvlum the hen has pul: oti 
her autumn-plumage for the winter and the, cock lins fmt Cm Iiih 
winter-plumage;' certain „ indiviiluals of opposib^ sex are .then 
indistiiiguishabie, even- to the pinetised eyes, of tlie (ixpf:vrie;nce(,l, 
gamekeeper. ' . - 

Generally' speaking,. the feathers', of tlie',head and' neck give 1.he 
best, indication as to ,sex im the autiinnn winter plnmagiv 1 n Gu' 
male the red colouring is, as ^ a more uniform than in 

the female. In the male tliore is, as a rnh‘, an ahs«*nce of black 
markings on these red feathers, except: on the upper part of flu^ 
head, on the crown, and nape of the neck Ike cheeks a, re 
pnerally a clear bronze- or cluistnut-red colour; so are the 
feathers of the chin, throat, fore breast, giving 
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the bli'O, i\> '7erj rieli unifoi‘m. red eolonr j<,H over tlie hes'iil iiir.!, 
neelw I'rt tiie lion, aw a rule, the whole of tlie fejitlierw of tliese 
;|KirtiW Jii'e ero.ssed, liy narrow bhiek bars, Avdiieh giv'e lu^r more of 
aiid brokeii eoloiirirjg, whieli tlie (ioek bin! benin.s to 
awsiinici ill the ejiriy !suimu,er wheu '.he ou tlie llr-st foa,iluo‘s of 
lii.s iiiita!in;ir;|;>li:orhago. 

dlbe ft'*ai:.i:iers of tlu^ (dihi are a vta:y iiweful i/odieation, of sex, 
from Aiigiist l.o NiiveuilH'.r, praetien.lly tlu*oug'h oi.it thia siiootiiig 
SOM sou, for the idu^staHit-reil fea.thers wliii'Ji ran be found ou tlie 
eh ill of the eoek: Grouse in every month of the year will, lie 
songhti for in vaiii in tlie lien fi'om August to ISiiiveinber. Even 
in December and January they are so imperfectly i*ed as compared 
with the sa,ine red feathei‘S in the male tliat one iiiay almost say 
tliat red feathers a, re to be found on tlie chin of tlie lien only 
from February to July, when they become conspicuous on 
account of the contrast in colour with tlie increasing yellowness 
of tlie brecdmg“pluina.ge of the ben. These red feathers persist 
in the hen exactly as do the feathers of the lower breast and 
iibdo'inen,,, from ' lior ■ previous j'uitiiinii-wintei* pin mage. 

, .Tliis pimsistence .of wiiiten-plunuige feathe.rs on the . chin, lower 
lireast, and {didonien is ciiininon to botli cock arul hen ; but in ibe 
csock tliey ixiinain, as a rule, until replaced by tlie following winter- 
plumage, ■ persisting tliroughout ■ the autu,mn--pluiua.ge '.cliange'; 
wlier<3as in the ben they are persistent oidj to, June' or J’'iily, and 
ai-e entirely replaced during the autumn-change. 

Even.wh'en the autnmn-plnmage is- put 'Oii,. the'' .yellow featliex's 
<,»f tlie p:i,'e(X5(liug 'breeding-plumage are almost 'alway's to' so'me 
extent persistent, and the 3 tj,tre to be found in tlie.cliin 'of'.tbe,lien 
liird ovcm thougli tlie throat. a,ud neck inay iKvuiiusually ^ and 
therefore unusually like those of a cock bird. 

.From Ja-nuaiy to M'ay there is no possibility, as a rule, of con- 
fusing the sexes. In June arul July it is unlikely, but in August 
and onwards tio Deeemlier it is sometimes quite ensy to mistake 
theuu and tho liest guide is the persistence of featliers of tlie 
preceding plumage Bucdi as occurs upon i.ho chin in particular, 
recollecting that the dominating plumage of i.he mule is the 
wintor-plumage, while that of tho fe.nmie is the summer- (.ir 
] )i*ce(l ! ug-pl uniage. 

I n tho autumn, espcxdally from Septernhor.aml October '<:n:i wards, 
there is the: additional difficulty of disting'uisldng old birds., a-nd. 

''' 'I; 

‘‘ Young birds in Jiily resemble tlie adiilt feinalo in breeding- 
plumage in th(‘ir general colour, Imt the (lank-featJimvs of tbo 
a-didt plumage iiegiii to appear about this time. By tho month 
of Novmnbor the young are generally not to be <listinguiKhed from 
tla^ adults.” This <|uotation is froni Mr. Ogilvde-G rant's accoiudi. 

The, re is one sign of ago in the majority of birds in tho sliooti ng 
season, if itbasnot becoiiueoblitorated“”' na,mc]y, the mark of recmit 
shedding across the claws. Very often one ma,y iind the na.ils 
or claws still a, dhering to the toes, though ready to drop ofF, so that 
IhiocxEaomSoc.--^1910,No.m ' ' b7 
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a gentle a,ppIication of force removes tliem. like.snmll cjips, leaving 
thn new shorter claws beneath, each marked b}’- Ji gi‘ooye wlicr? 
the old' claw was attaclied. This groove persists (h'teiy for s<nm‘ 
little time, and is as infallible a sign. the liird is at. least 
a year old, as the presence of the claw itself ready drop^ol'h 
Young birds of tlie year do not slied their (‘kiws and tlicindhr^* 
never have the ginove. 

; There is another nietbod of determining a IjiirFs age w-liicli is 
often used as a rotigli indication upon the moor, namfdys in [mil 
out the third primary-feather of tlie wing a.t its tiistal end. 
blood can be squeezed from the quill it is considered as a. sign 
that the bird is of the year. If no Idood can st|ue(‘Z(Ml and tJie 
feather is old and dry, it is (soiisidered as a sign tiiat i-lie iiird is 
more than a year old. 

This reasoning is based upon the following facts :- When a, 
cliicken produces its first set of jirirnary wing4‘eafilu;n*s tlay jrre a ll 
very thin and weak, and soon become frayed out ; they ha ve rather 
narrow pointed ends, and are blackisln brown, mottiled wilvh in ■ 
complete buff bars. ISTine of these little fejitbers can bo corndiiMl in 
series, and the weakest of all is tlienintii counting fi*om 
to tlie'proxi,mal end. ■ The- gTowing power, as judged hy i-ln^ of 
the root-sheatlis of these feathers, increases from l.lKa tiini-h tlistally, 
so that at one period of growtli (If) the feather No. 4 is {.he longr‘st, 
then a,; little; later (G) .No, 3, tlien still later- (II) Ko, 2. ' 'fitit .No, I. 
remains pemanently slmrter than' No.; 2/ 

;.By tlie'/tinie^. Nos. 1 and; 2 are approacdiing full ,gr‘0wth, tiuiv 
.weak chicken-feathers Nos..;9, 8, 7, ..and "so on {'m.vebee,n sliedjUj'ui 
in their - place have a.ppeared st-roug. feath,er-r(.H)ts;-grow'i'!ig''Strc:uig 
round-ended unifoiin black prinmries, instead of the wea k, inotthsd, 
moi*e naiiowly pointed cduckernprim^vries. 

.This shedding and rephicement continues as 'fa.r ns. No. '3 of tlm 
'<d;iicken-primaries,' hut when' No. .3 falls out Nos. 2 and. 1 'are 
fotmd to have grown into such long and strong feuthcrs as to fall 
into tlnyseiies of new rfeiplacemerit feathers, and so tiny renmiiu 
now fully grown, but can be recognised (K) hy their more ]>oin{vd 
eiids having rati ler more of tlie buff inark in gs on tJunn than lia,vo 
the remainder of the [mimanes just grown from Nt>. 9' in Nts 3'. 
No. :T, moreover, being the latest of the whole s(ed<‘s of primaides 
to have emerged, is for a time the shortest otie ; and, ovcmi wlsen 
as long as No. 2, will be still the last oneginwn and will tiusHdore 
upon withdrawal produce blood at the (piill end wlum stpmezf'd 
between the thumb and the finger. 

The following diagrams (text-ffg. 150) show vmy roughly this 
sequence of growth in the primaries of chick ami })ulkdu 

This sign of blood in the quill of the third primaiy is not an 
infallible sign of youth, for it is evident that as soon as tiHGca.ilua* 
finishes its growth the quill becomesas hard and dry and Idoodlcss 
as all the others. The only indication will tlum ho a, sliglit 
difference in the shape and contour of the last two foathors as 
indicated abov0,. , , 
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■ M'oreover, in SB|:)teo:ibei* it isj oasy 'to iin'd birds ol)viously adult 
with claws attached, but on the point of being slied, and liaA’-iiig 
all the primaries moulted except the two most distal, ones* Th© 


TexWig, 150. 



Biagrjimimtic representation of the growth of Primaries in the young Grouse^ 


third then will be found to bei a short feather actively growing 

and if it is pulled out the growing root will he full of blood. 
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Tliei’efore not every bird, that ^d.ves tins is :'i 

bird of 'tlie ye,i.r. 

The condition, of' the ends the p}'iri.uirl(:.^s will, fn;* a. 

fair indication of age, and especially of the iovo .infest! dislaJ 
feathers. 

Another sign often n.sedda>test tln^-age of a bir<i is the streiigMi of 
the lower jaw. The weight of the hi.r<l is al,h:nv(:Mi f-o hang ■vi'il.f.i'- 
out support hj' holding the tip of the lower l»ili rHily. l,he hont:* 
of an old bircFs Ja.w easily stai.nls t.his testj Ijiit the? sol t^jaav of a, 
young bii*d of tln-ee or four months cannot; curry its W(‘igh,'t.y am! 
the jaw either ])en(ls or brea,ks. 

T'et another t>est is often tried, l\y trying to (a:“us,li in trlH:,* sioull 
with tire thumb and finger: in tlie yrjinig l.>ir<'! tfa.^ soft; .sloirl.l 
gives way readily, .in the old bird it .re(.|uire,s ver}M;‘oiisid(:‘ra.idt'^ 
force. 

I.ri' judgiiigat a mxmierit s iiotice whet],i 0 r a young (,froust» 
wliicli rises to the dogs on tlie 12th is of a. shont.al>ie ag<3 ami 
..growth' or not, the usiia.l rule is probal,),Iy as go(.H„l a. (,>,ne i.)s. can. la; 
found — namely, that there should be a very ch'^Jir vic*w,f,d‘ 
tail^eatlu^rs before tdie young bird is 

only iiecmsary, however, to' look at a few young (lrf,His'e 
chicks of ■various ages, to ■'be'co.nvineed' thak i..n.ore t.h.aii. a iiifde of 
the 'black rectrices sliould appear before tiie bird is s.hot. ITmiI la.ldy 
most sportsmen, will be 'guided, better ly tlie atrengi''h ol' 'f;lie rd 
xrpoxi 'th©; 'wing, than by., the., black ■taihfeatliers, ■' liowovei:' ' cle.a.r,l.y: 
' visible^iiT, a half-grown " 

;■. . In" dissection,.hhe ' age , of'.'a.Ti,okI bird .is app5n'<urt, peihiips, ' jis 
plainly ' upon, the table as ' ^else whe're. .■■. The jibnms tissues .all 
toughen. with age and ■use-j.uud the... bones iH^ecniie hririler. 

. The grits' of. tlie gizzard- in an' old .bird- 'seem, to 1 'hv larger a-ud 
more worn .into roundetl -peblde sba.pes^ and the. reaso'U :hir tfiis 
has: been fully discussed eLs'ewdiere. 

, 'llie..q,uestion, tliereforepas to..'W'hethar'a-l>irt1 is less a yea.r 
or more than a. year old, may he a.usweriMl, but. it seetus almost. 
i,ni])Ossibh^ to j.vi-dge -,:inD:re '-exa,ct.ly th'e age <.)!■ a rd . I'ly a.ny xdg.i-s 
to b<Mlisc<)venKl (4tlier exte-mally' or " - ■,.* '■ ■ 


EX..!T'ANAlTX)N.'-OP.:--ll'T..AT.li^ ■■, 

:Pi:.. 1 jXXVI.I,L;' .P air 0 :? Ited Gnmstrirr.giitamijr with--y(r.u.jf/cb 

„ liXXIX. Mala grouse in full wiator-pliitruiga ; hlaok ypo, utniia’Htilo. S<k 7'J:1 
Perth shire, 4-.iv.07, 

„ bXXX. Mitle grouse, in full wifiter-pUuaago; rod tyjio, undorsido, Kf>, 407 , 
etkuidoe, InverneHs-ahire^ 7.Kii.()6. 

„ MXXT Male giw«e,whitc.apott6(n)ird of tlnn'ed type; imdorsithi. No. in77. 
Morayahire, 244\r.oa .l7ioz. 

TXXXIL M«do grouse, in full i^duter-pltunfigo, ml tyjjo oarryiiig a, few hluck^ 
feathers of the previous autumti-plumugo ; unjx'mkh;, No. uao. 
■Wales, 18,41.07. 

, „ LXXXin. Male groase, ahowingwery taarkodly tlnUHiginning of tho imfunuo 
plumage 'upon the tad ahd uppermde. No. 1481. linwion).. 
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Fl. JjXXX IAO g'ronse, (^bunguig from winter- to autninn-plmnjige ; red 
underside. No. {>15. FoiiWsliire, d.vi.OT. 

S 5 LX XX V. Fenuilo grouse, in nutumu-plumugo, black t,\'pe; luiderside. Ko. ■118. 
CaitlinesK, 31.\'ii.06. Sl-|-ozs. 

„ LXX’XVX. Female gvonae, in full breoding-plinnage, Wcottisb lniff4)RrnHi typej 
ii|)pt!rsi(le. iXo, 226. Eo.Kburgh.shire, 22.V.06. 20-|* 

„ LXXXVIL Female grouse, clnvng'ing from winter- to siurnner-phnnage, red 
typo ; underside. No. 220. KoxIntrgliHlure, 22.v.()0. 

„ LXXXVUl. Female grouse in full summer-plumage, underside. No. 21,7. 
iijiiuirkslnre, 12.V.06. 

„ LXXX I X. Female groUvSe showing the hare broody patcdi of skin on the abdomen, 
and the beginning of a new growth of buff, broad -barreii feiitlier.s iJi a 
double line down the abdomen; underside. No. 996. Argyllshire, 
14. vi 1.07. 16()/.s. 

„ XC. Ifemale grouse, red typo, feathers from fliitiks. Natural size. 

Figs, a & c (from No, 1864), (f & h (from No. 226), &> k (iTom No, 032), are 
varieties of the spring tiank-feuthers. 

Fig. b (fToni No. 575) is a Hank-feather from a very black ben. 

.Fig, d (from No. 1B64) is an example of wbat is termed fine-barred, dark-red 
winter-plumage, with narrow black bars or lines on rather dark rufous 
mhestmit, the latter being slightly bleached towards the ti|>. 

Figs. 0 &/ (from No, IBO'l) and I & m (from No. 661) illustrate intermediate 
stages of colonntion, the feathers probably having* broken tbroiigli the 
skin when winter-conditions prevailed, and Iiaving completed their 
growth mider Kummer-conditions, 

Figs. I (frotn No. fhl4) illustrate the reasoning upon which is based 
tbo view just mentioned; of these two feathers there is no doubt that 
n was lieiug grown mvudr later than % and therefore more in summer- 
conditions, producing summer lireeding- plumage. 

„ XGI. Female grouse, red type, upper tail-coverts showing effect of wear ; the 
breakage has occurred in each ease at thep*arts wliich are unpigmonted or 
sliow the smallest amount, of dark pigment. About 1|' times natural size. 

„ XCIL (L’ouse, red type, feet sbovving winter-plnmiige. 

Fig, 1. Eight foot showing new wiuter-feutbers and new nails (No. 1177). 

„ 2. ladA foot 8lK»\ving luli-featbered vvinter-pluiuage. 

„ XCirO!. Feet of grouse, showing rephicennmt of nails. 

Fig. 1. Ilig’lit foot (No. 1148) with old nails ready to be 8b(?d. 

„ 2. ,, „ in median vortical section. 

3. Left' „ /(No. 1167). ■ 3«, old-nails';-3-&, new nails.; 3 c, sbed'nails. , 

„ 4. Bight „ (No. 1186) with new leatbers and now nails. 

. .XC.IV, Heads of .(Irou'se, . 

/ Fig. 1. ■ BXnnaUj.' No, 61,22.i.06.' Showing;tho':hla{5k, markings on thet'hroat, 
2, Male, ' No,'646, ,17.i.06. ■ Showing the. uniforru chestnut t^^^ ' 

„ XCAL Si i]u*aorbltnl comb in Grouse and Ptarmigan. 

Fig. 1. Female (Louse (No, ;l269,.8.n.(.)8.}. ■■ ' 

'. ' /A Milk. ■ (No, 1208, aiioa.)., 

„ 3. MakHLarmigan..' ■ /■■■. ■■.. 

„ XCJYI. Supraorbital ci>mb in Bhuik-coc^^ 

„ XOVII. Scottish male ^groUHO, showing abnormal crythrisin ; underside. Loch, 

. Swoon, Argyllshire. . . N6..19. ■■■ i9..viii.92. ■ ' British .Mj.iseum (Nat. .IliH'L),' ; 

„ XGVni. Fern a lo grouse of the Irish buff-barred typo; underside. Hoiicgal, 

; ..Ireknd/y I7,x.0.7. ^22o»a. 

5 , XCIX. Fomalo grouse, abnormal yellow vuriety ; mulmith?, Stornoway, Lewis, 
Helirides, 3().x.l960, British Museum (Nut. Hist.). 

„ 0. Female grouse, gn^y variety: iindorside. Poribshire, 6.X.89, British 
Aluseum (Nut. Hist.). 

„ FL Female groinse, grey variety ; underside. Type of L.persims 0, li Gray, 
but probably from Perthshiri^. British Museum (Nut. Hist,). 
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AiJSTilAOT OF TIIK PROOEBDINGS 


(IF 'I'llK 

Z<HII,0(ilCAL SOCIETY OF LONDON* 

April 5tll, 1910. 

'\L A. Vice*Fi*e-sit!e.nt, iii.tlie Chair. 


The M itiut.c‘s of tho last; Bcieiitifio Meetang were confirmed. 

The HntHiMTARV exliibited a series of photographs ta.ken in the 
Boiitli Oi'kneys in 1908 by a correspondent of ‘The Times,’ and 
kiii<l[y Himi him l)y tlie Editor of ‘ Idie Times.’ The photographs 
inc'hnled views of sc*eneiy jiml an interesting series, of st'iidies of 
living Beals, siicli as the BearLeopard {/S'fe'/wrAy/n?Avf..9 leptonj/x), 
WeddcjlFs Seal wedlelll), the Wliite, or Grab-* 

esiting Beal, (Lobodau cvfran..npZ'./:<f/.'^..s), and lloss’s Beal' {Om'WU(i(> 

'phii(ju> 

M'r. 11. 1',. Ih.>c:ocnv, F..L,B., .exhibite<,l a living specimen; 

of a M'ohr-'liat receiitly ■pres6ii.te<i’ tO' tlie' 'Society Ivy 

Gsipt. C,J. lit .A.rmitage, wholmought'it .from A,sl.ianti, , Mr, l?ococ;k 
I'einark'ed timt the animal possibly 'belonged' to' tlie species from' 
Tog()li,i'ml tlescribed l:,jy Miatsclne 'as (A and ,' certainly repre- 
st‘nted a lorni'ne'ver previously ■exlnbited.in the .Gardens. 

Mr. II, Tl, W n rrKU(;msE,. ■ M'.Bc., introdncod .by tho BKcvnnTA'EY,, 
ga,vo an mn'ount of his Moinoir Tim Caudal Fin of the 
TtdeosionuG Tho pa-])er dealt witli tlm stnictiiro of tlie ca-iakl tin 
in ahonii fifty ditloinnt species of fishes, mostly Teleostivi, and 
roprosonta.tivoof ti(^a,rly all the sub-groiips After eacli suh-group 
a. few gameraf rfciiarks. were added, jnid':these were followed hy a 
slan't siimmavy of resultB. dealing With."definitioiiH and the taxo- 
nonuc valucm9A9uM5andal fin. 


XluH Abslmct is })ubU«hctV by the StKiiaty at 3 llaaover Square, Lonclom 
\V., oil the Tuenday following tho date of Meeting to which it rofem. It will 
ho isBuod, along with, the ‘ Proceedings/ free of extra charge, to all P''eilovvB who 
tjubiwibe to the Publications; but it maybe obtained on the day of publication 
at tile pritJO ol' k^kvpencc, or, if desired, sent jmt-free for the sum oi' 
M/Z/Z/a/K per aTimun, payable in advance. 
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Mr. T. M. S. EjvGMSH read a paper, coimrmiiieated by Mr. (5. 
A. Boulengee, F.R.S., V-RZ-S., entitled “Some Notes on Tas- 
manian Frogs,” based on observations made during ratlier more 
than two years’ residence in Tasniatiia. 

The paper ,by Mr. F. E. BmDAiiD, M.A., “On 

Alimentary Tract of certain Birds, and on thti 
Kelations of tlie Intestinal Loops,” announced for tliis evcjning^ 
was postponed owing to the indisposition of the Author. 


The nest Meeting of the Society for ScTenti.fic Business will 
be held on Tuesday, the 19th April, 1910, at half- past Eight', 
o’clock P.M., when the following coiuni unications will be 
made : — 

1. Stanley Kemp, B.A. 

Notes on the Photophores of Beea,pod Ciaistacea. 

2. ' J. Liswis Bonhote, M.A., F.L.B., F.Z.B. , 

On the Yarieties of Mus rattm iiiEgypt, witli (h3!:iett^^ Notes 
on the Species having reference to Yaiiation and llei*edl1y. 

S, G% E. Biillex. ■ 

On an Exainplcr of P Dicliotorny in an Ay](?sl)ury 

Duckling. , . . * 


/ , The' following communications have lioen reeo'i'ved 
L F. E.'.BEnDAiiD, M.A:.., F.:E.S. 

; On the Alimentary Tract -of certain 'Birds, and' on tlto 
;V'MesenteriCr'Bektions of:thelntestiiuil Looj>s., 

2.' Proi G'. Q..'.Sars,'.C.M.Z.S. 

;■ ■ Eoologicar/Ilesidts'' Tanganyika Ex'p(‘diti<)n 
conducted by Dr. W. A. Gimhington, F.>i.S., 11)04 ihOo, 
Ileport on tlie Ostracoda. 

' 'a'.' Dr.:B. BEod^^^ 

■ ..'Oh' 'rrUylo^ny^ oiEtb0'':Eelationships of the Multitubiir-- 
culata. 
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‘I, il iu ii.A. 

<,>M tilt? Aiia.iorny (ind Genoral .'.Biology of.s().me 
of the hu:*gei* (l6t»a.<?ea. 

IL B. Fantiiam, iXSe., "F.Z.8. 

(5) I’ho ,Alor|)!iology a;ad ,,Lif(vl:.].istoi*y of Emsrrn {Comdkmi) 
imimi : a 8|'M:)ro/.oih"i tni-usi,i'ig a fati^l disea-se mmmg young 
idi’ousc*, 

(()) (.)l::KS{U'V[it;i()U,«t>vi tlie '[.Xu‘asi(A*c Protozoa of tlielted Grouse 

(7) hlxperiiueutal Bttidies on AA'iiin Goecidiosis, especially in 
relation to young Grouse, Fowls, and Pigeons. 

(8) Observations on the Blood of Grouse. 


CJoniiriUTtic^*di,ioiis iid.eTuI(a.l for the Scientific Meetings of the 
Z(H)totM:c:!A,n Socibtv of Lonbox should be addressed to 

P. CHALMERS MITCHELL, 

SecreUm/, 

9 

3 jlANOVKK, BqUARE, riOS.DdK, W. 

Apr!! mh, lino. 
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OF TUB 

Zi)()l,l)(!l(!AI, SOCIETY OF LONDON." 

April 19tli, 1910. 

Din H. h\ 'llwimR, M.A., FMK Vice-P.i.'esident, iu the Chai.!.*. 


Hie Mitmtos of tlie last Bciontific Meeting wei-o eoiiiinned, 

I'lie Hi'ieiU'n’AiiV a Ik^port oii the ,‘ui<]iti()ns tliJifc had becm 
inatle to tdie Hfieieiij’s M’enagerie diiiiug the month of 1010. 

On ln:jlialf of Ma*. OnoFiKim 'r.rioMAs, 'F.R.S., F.Z.^., two speei^ 
imms of thc3 following new M’onkey from, the M'alay Peninsvila 
were C'^xliiliitod : - 

I'^iiKSBYi'is m.>BmsoN:r, sp. u. 

I.lp|)er snr:lTKa3 wholly wliiit*, sen.reely rcdfieved by ti sligl'st 
nduii,x,iRire of <ln,rker lu'iirs. Underside, ImndwSj n.iid feet dai*ke:r, 
grey isit or gnyish brown, varying in tone, l)iit always <lark(?r 
thaii thiunRovn nri(l bark. 

fi'tih, I’nu'ig, .Malay Ik'niiisula., 

7k//r!. AdiiliL inah* in Britisli Mnst^uni. OrigiI:l^ll innul>(n.w*]lB4, 
(„!olh‘ef.ed by f:L (1 lloliinson, .Fs<.p, and' preKonted 1)/, Cloveia:!.- 
.iniaii of d.,lje FoiliO'abKl Malay Btates, 

Uji 'behalf o.f' M;ix F.,'l'iaS., If.Z.S., ka/ fiirtlKa,* 

ronsigiimt'id. of siiml! uiaimnaJs dhimi-, iu:>lleoted by M r. Ma-I 
rofin AndGfsfvo for tlio l>rilvea:)f ■IkM.lfo.rdts e:xjdo,rati(,,>:ri of hlasiairn 
Asia, was (‘xhiln'ted, anil a.ttrriith.m their vtdue for iilte 

finiliPiojHMMk’ 7,<H'di)gi<Ril,arnbgt::H)gra|duefd soioTKH^ 

TkiUbllowingforn'is'vvera’deseribabaisnow:-- 

.MwanaH wvosoTiS’ AxcannA, suhspAn.' ' 

'■ ' (Binallei’ ami w.i t Ir mb o,rter oai'S- tlunr.true , General' 
fa„'ilonr ilinb. dhirea.rin of .type’ O'l ,nn», ; 

///do' 'Sluriig <dHaw’, ' ■ Hhen-si.' Type. 'M'"aloA'' Origina'I" 

ninaber 

^ 'riiii-oUbl ra/t h pahlidiad buridy al. .‘.LIIatJtoaT Square, Luiulaa, 

W,, nti the laeoUy roliawinij: tiuMbilf!, of Meeting t,u which il n-IhrH. it will 
he along with tlu*^ ‘ Proceadingft,’ free: of extra oharge, to all Fcllowa who 

M»hw‘rilu> lii (hr Puhlieatii)tr^ ; bat it may be ohtitiited ou tta* day of puhheatioa 
at sIm- |a'ie(* of AVa'/tez/rfe, or, if defiircjd, seat pos>t«li'C<» for the sum of AV.r 
ShiiiHifA jwr amuan, payable in advance* ■ 



Microtus mix, sp. w. 

Allied to AL but dai-ker uiul with a huger tail ; !]!id and 
3r<i spjices of iii'* united. 

Head an.d l)ody 9d mm, ; tail 90; hind font Kbo. 

JM>, BliiuigHd\ow, S.bb B Mule, niiinber 

2089. 

MiCJiOTTJ.^3 jo:i!;annrs, s[). n. 

Allied to i/. but witli .stunller hIuiIL (JtdiUie 

wood-brown instead of dinb. 

Head, and body 95mm. ; tail 2d; bind foot 17. (daudy'lo-basa I 
length of slcidl 24*6. 

Sab. H.'W. of Ko-lamcliow, B'luni-si. Tj/pe. hbile. li'M.. 
Ho. 9.1.1.178. 

Mr. J. Lewis .Bon.mote, F.'.L.H., exhibited a }’(,dl«"ov 

variety of Aim rattus. This i,iidivhbi}tl had l>eeM brnl fmm two 
wild-caught examples of Affts rattuff tecUrruvi from blgypdf. Tin'', 
long hairs on tlie upper parts, which are normally bhick, wmn 
colourless and the slumter body“lia.i‘rs Imd. grey ha.s<xs w:il;h y<:,dl«:nv 
tips. ' A,s fa,r asdie knew, tdiis was the first reconled e,x'a,mj"!!e of a 
yellow rat, wliic],i was' a colour rpiite unknown to fa.nciivrs ami 
was never met witli by Cram pa) or 'Doncaster, wd,io biid i^oiiduc'l.fHl 
colour-breeding experuiienis .on .Eats. Although, it was not dcdi" 
nitely stated, tli'.eso experinients l.u),tl probal.)ly been (‘arricil out W'itb 
AIus Morvegwm. A: careful search, through' tins largo 'serioH of 
2 \fus nUt'Us' in the British ■.Maiseutu also failed te bring to !iglvl» 
any 3 ^eI]ow 'forrns. ' 

CenteiUirgoflldlS 

B(/ni April h, IMi) ; dmlAv.{p%\, 1888. 

,Tli 0 Bec'RKTABV exhibited tlu^ set of the works of 'I'diilip 'I fonry 
(h'wse'iri, the Bocieiyh Libnii^mMid guAU) a brlid siimmaiy r»f‘ Ida 
<a:):ntr.ibutions to s<5ic3nce, upon -which lie pda,(‘ed a. \M,)ry .Irigh W'dmx 
4,rhe Cu,Ai,:iiMAK an(lP,i-‘of. A... B,ei,)cuv.i('k, hVli.H., a.ih.lcd t'bcir fmtl 
inony to l)is place 'in ZcMdogical liistory ; .ll',Kxa) W'otunv AiHu 
■lf.,ii.B.,'gave'SO,mepersoual^ reminiscences; and 'Mr. '.'.Ihon'M; ( lusai-:. 
,Lil),rarirint'v,l' 'the liovise <:»! .Lords, tluj'son jind b.u.»grapber of Cosj-,r, 
.:tlumked the, Bociety for their' noi.ice. f^.f liis fatherh .cimt.ima ry'r 

' V:Br;w. T. CAiAj:A:H,F.Z.B .5 .comininiicai^ a pap,ie,r by 1 r, Ht,ax or: v 
'.Kemp, ','B;A., cxititli-Mb '‘‘■Notes ion;-.' the 'lihokiphoreV of "l,)r*ca,f'iO'*l 
■,,€'riis,kcea.’’ ■ 

, Hr. ■J,.., Lewis .^BoAiioTR^ M.A.,' ''F.L.S,, .FtB.lB., read a> pupui* on 
the variations of an exaiuiuatioi} of the 

forms of that species found in Egypt. The author poiid<M| out 
that OB examination of the hind-foot measurenmutK of a com 
siderahle muuher lie found that the cairve slioned liin-o ilisUuc; 
apnees, and that two of these apices belonged reHpc(1i\cl\ lo iho 
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tw'o icrrms liJurK,! in Egypt, theso foniis being also more easily 
di.st;iugiiislu:‘(f, by their eolour (iharaetmaticH, 

M.i\ lion hole in tlealing with the Kn.ts of tills spee-ies froin the 
ririoatal Eogioii liah some yeaa-s ago subdivided ileiu into' tiiree 
;'tihe:i'nM|)8* .'Old it was now shown, that tliesi/.e of. the feet typical 
uf ilip i:J„u,‘ee (.Irienta.l subgroups eorresponded \vit,li ' tive tliree 
npir»‘s in the curve of tlie .Egyptia.n fornis. 

die antiior was indiin.sl to think that tliese a.pu^ea represented 
<,‘entres of Auiiition a.nd were probably iiilierited as Mendelian 
i*ha.raet«,‘r!y for were ih,is not the case the smallest apex would 
iiav't:.^ lH,‘i’onie sw:i,inpe!.'l and a roguhrr ein:‘ve woulil result. 

It. was, liowevei^ evident that tiie snia.ll foot cliaracter was 
pr<i‘Si‘nt’. itnd rc^ady to become tlie (.lo.mina.nt form in a very short 
time should (‘onditions giving ailvantage to a small foot arise, 

()ii cniiii|Kiri!ig the (*iirve of the hind feet of Mm nor-mjicus^ 
tlvree ripi(?(,^S '\vei*e also obse.rv'ed., sliowing' tlmt i.n tliis species . the 
iiind foot c{iiU’ac(:er ” was also present, lint as there were no cor- 
responding colour differauees it was impossible to tell to which 
group any laadlcnilt in {lividual belonged. 

d.1ie author drew the following condusion, viz., that there was 
eonsiderablt* imma Jkcie eviden(?a tlmii tlie size of the hind foot 
ami the <?olour of the hairs on the underpai"i)S wt3re Mendelian 
ehar;H‘f.ers, a.ud pointcMl out that the former character was also 
found in anotlior species, Mus no7*veglms^ the latter in a third 
s| wo i i s , ..if/'/ 1 s '/i iiimt d( os . 

0,n tlie p.res'um|itiou that these were true Mrnitlelinn dia.ractei‘S 
a, c.dt'S'irer i,ri:a:!erstru.iding was a.i. onci.:.' gainei.l as to how specieS' 
niiglit V''ery <|u,idily adajit themse'lves to altered conditions, and 
hi}\\ many \m'y <*los(*ly allied species, (I i filming only in siz in 
soim‘ ddinili* hut sliglit altrration of eolour, could exist in the 
sa,i.i.ie loealify ami yet ■ ma:.intjii.u .tlieir diaimteristies intact and 
s'luiw' no iT,urrging of the on(ymto\tlie 

l^lxpin/iments in breciliiig thci difterent forms we, being under'* 
iaken, hut they were ,not as yet sulliciently advaiuHHl to permit of 
any delinitn .results being stated, ' ■. 

..Mr, (b E, flrnnuN .presented a- |:.i!r;].Hn\' (Hrniinitn liy 'Mr. 

' Jo.'t{N IlocHiKHox, (.)n an of Posfcmaor Dichoi.omy 

in lU! Aytvsimry Ihudiling,” giving a detailed aeeount of a dissect- 
tfun performed <ni a. duckliiig baving supimnunuTary l(‘gs. Jn 
addil.ion to a, reduplicated ptrl vis and the usual condition c>f the 
iimljs pi’issented iu posterior di<diot6my, it was found that tlm 
spechiKUi showed evidence 'of affurther ro.dupIicatiD.n.of the .part, 
dicdiotomisiMh , , 
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Tlie next ]\f.eeting of the Society for ASoienti lie ,lh;i,s!' ness \v ill 
be I'ielil Oil Ihiesday, the 3r<l IMoy, 1910, at 
o'clock p.M., when the following coiiinumicatioiis ^vill b(‘ 
nnicle : — 

H. B. Fantham, D.Bc., F.Z.S. 

(1 ) The Morpliology and Life-Histoi‘y of Emmrta {(Jocctdtih-tii) 
avium: a Sjiorozooii causing a fatal disease among young 
Clrouse. 

(2) Obsei‘v^a.tior}KS‘ on the Paiasitic Protozoit, of tlie iicMl (Irons/* 
( Lag 01 } us scoti cti-s ) . 

(3) Experinienta,] Studies on Avian Coccidiosis, t\s]>t‘cianv isi 
relation to young Grouse, 'Fowls, and Pigeons. 

(4) Observations on the Blood of Grouse. 

5. Prof. G. 0. Sa.e>s, G.M.Z.S. 

Zoological Besults of the Thir/1 Tanganyika j^lxpialit-ion, 
conducted by Dr. W, A. Cunniiigton, F.Z./S., IDI)*!-] 1)05, - 
Report on tlie Gstracoda., 

6. J)i\ R. Broom, D.Sc., O.M.Z.S. 

On Trltglo(km>, and on the Relations] lips of the ,1\1 tdid tuber ■ 
ciilata. 


The following coniniunications have been received : — 

L P. E. BEDDARn, M.A,., F.R.B. 

On the Alimentary Tract of certain Ilirds, ami on ilie 
Mesenteric Relations of tlie Intestinal Loops. 

2.. I). G. Lillie, B.A. 

Observations on the Anatomy and Geiioral Biolcgy of sumo 
Members, of the larger Cetacea. 

' 3. OIF. RoussKLKr, F.R.M'.B. 

Zoological Results of tlie Third Taiiganyikii F\p<‘«[il,i</ii, 

conducted 'by Dr. W. A. tJunnington, tF.Z.H., .! 904 'tl 

.Report, on 'the Rotifem. . 


, ' Communications, intemled for. the BckmtO'ic. Miad,, frigs nf iJie 
ZeoLOGiOAL' SociETF or LoN'X)ON',shc)id.d be.addresscs'l i;o 

. .'K^DHALMEEB: ’MITCIHEId^^^ 

' ' ' , ' 

3 Haxover Bquaiu*:, Loxi)o.\v 
jiprirm/i, 1910 ..',^; ■ 
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AI5STIIA0T 01<' ’rilK P1!00ER1)1NG>S 
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May 3rd, 1910, 

l)r/A. Smith, W'ooL>WAit,i>, F.IvS,, Vice* President, i'n the Cluiir., 


of the hist Scdentiiie Meetiiig were C()iih,n:nei!. ' 

Tin H:KClti!Tl‘AK:Y exliibitecl a p'hotogi'aplrof aGirjilFe^ kim.IIy ient 
Irim liy Mi\ Ga},i Ilagenbeck. The a,niinal wa,s jin female 
3%10 metires in, liei,ght, obta-ined in Ga.l]ala.xi(i, .Ea,st A-frica-j 
was in t'lie pnsscjssion of Mr. IIa..genbeck. It displayed a. 
ri'titmlate coloration, i,n which tlie lighter areas were .reducecito 
n,a;iM”OW' lincjs, (d(;*.arly on -the neck a, ml iH,>dy, but the hiini-qiiarters 
wc^i’c^ Idotched, whilst tlie spotting <ia..rne lower down on the legs 
tfmn i,o, tfie typical relumhM, It possil},ly rejwosentedyi 

type i'ntcfr,me<liate between (L reUeiduta a..nd, (k mmAiopardalw^ 
but, it', was to l„ie 'reniem bored tlmt the specinieinwfm a, female, ami 
that fei,'»,m,les did 'not, exdi.ibit the eolomtion ,so ,coi,ispicimiisly.as 
old 'males* 

Mr. E. B3*' AiJft’rEN,; exliibited' ■ a apecdmei'i' of a mre .Ply 

{i\phemmiim vinc/di Brauer) froiu East Prussia, parasitic in the 
iaia'c.! stag(! in the tliroat of ' the '.ll:k. (ife maddis ()gilby)pand 
rmuarke<l units luibits and those of allied species; ' Tills specimen 
iiad biHUi rtu'cnlly ae-cpdri^d by tlio lloru Ulmrle^s Eothschild ami 
■p'mstajtijd by him to the British Muaaumv; 

'l,),r. IL A, C}',B,I'UKX, i,ntrcKluced''by.’Prof. E. A. Minchtn, M.A., 
lAK.S*, cxl)ibif,cd a. series of Ian tom-slid os illustrating the habits 
of t,lic, North (^^leensland. Green Tv&^-Atdi iOeea^)hpUa^ 
dhiU ?), am! divscriljod 11,16 met liod'. of rie*st'*biu,ld::m,g. aiid ■ bridge*:,' 
foiaidiig Ibilowinl by these 


* Tills Ai)«iracii in I'lubliBhed' hf the'' Society ;at, 3 IIaucwer,Bciaare, London, 
W,. oil iho I’ucHilay foliawmg’ tliO' date of Meeting to wliicli it refers. ■ ,It, will 
Iw fewied, along with the * PromxiingaA.free of extra charge, to all Mows who 
Miihmmlm to the PublumtioriE ;■ butitmay;beobfei,t(ad'on.,tiie day of pitbiicatioy 
at the price of or, if desired, sonb post-free for ihe sum of 

|ww iwuuun, |m}Tihb in adTanee.* 
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Dr. H. B. FAisTiiAM, F.K.S.j exIiihiteO, on belialf of A, 

PoBTERj B.Sc., and himself, preparations and origiiia.! dra\vi,n;i:;'s 
of a. new Trypcmioplasifiia {Ory^^tohia) from tiie aJi;menta,r 3 .^ t;ra.iit. 
of Dendrocwhmi lacteum. The painsites meaanre from :20//.^to 
40 p long approximately. They are bitiagellato, the [losterlor 
hagellrmi foianing the border of an rindnlating incvrnlii’jiiie. Idio 
blepiiaropiast (kinetoiiiicleus) is large and curved. It is pro|;H:)iSCM,i 
to call the parasite Trypanophsma (Oryptohia) deihdroc(di> Tl i(!ri,‘ 
is evidence of hereditary infection of thePljmaa’ian })y tlie Trypmio- 
plasma^ for the parasites have been seen to enter tlie eggs of the 
host. A Trypanosomedike lla,gellate was a, Iso seen on rare (Hjca- 
sions in the guts of Denchoaehim lacteimi and Pkmmia wlgra. 
It is interesting to record, for the first time so far as is known, 
the occurrence of a Trypamyplmma in a vcg’etalde feedc'i* lilo*. 
I)endroe(£lmn, 

Br. IL ' B. Faxtham, F.Z.B., Protozoologist to the (] rouse - 
Disease Jjiquiry, read four papm's rela-ting to the l^i’otozoa aiHl 
blood of Ginuse, illustrated by lantern-slides made from tlit^ 
original, plates aocoinpaDying the memoirs. 

The first paper, entitled “ The Morphology and IdieIl;IistfOry .<,>f 
Mmeria {Gocddmm) mmmi: a Spoinzoon causing a fa>tal disiN'ise 
among young Grouse,’^ detailed account of tlie iiior|)lu)logy 

and life-history of the Goccidiinn wlvich destroys the ejiiflmllal 
lining of the duodenum and cteca of Grouse chicks, causing 
enteritis accompanied by diarrhma. 

The second paper, entitled Observations on tlie Psra sit i(r 
Protozoa of the Red ilmiim {La[/opi(,s scotim^ set forth tlie 
a, u thorns observations on some seven other Protiozoa., parasitic 
in the blood or in the digestive tract of Grouse. Nriiie of these 
parasites, liowever, could be said in be either iviiirierotis <>r very 
iiarmful to the birds examined. Tlio parasites were Zeueoeylfmnhi 
lovaii, in wiiiclr schizogony in tlie spleen of the bird was riicorded 
for the first tiiiie, not only for linuUl Imf for mry 

avian/ ' ; llcvmwproUm mmmoni am'] dpmkdimiM 

ktgopodis ill tlie, blood; ; ' Trichomanm eherthi imd dpinuduePi- inmil 
in the' cceca/; and Ammlm lagopodis in. the lutesthm and .fa'ces. 
Tbe .Bpirocjlurtes and Ammba of Grouse arc new' spocic‘s. " :d/o«r^■ 
eyMn 'spores are;, also,, found- occasionally. ■ All ' the parasitic 
:Ihntozoa mentioned were' .observed -both .alive ami in" st^-iinod, 
'preparations.,'' / 

■ - The third paper dealt witb.'*^ Experimental'.Btuillcs -mt' Avian 
■OoccidiosiSj /especially -in, relation- to yoiaxg'/'Grot'ise', iFo'wls, 'and 
Pigeons A The resub^^ many and varieil CKpia’iiuenis ^\vv^' 
recoified in thm the time of ripi*ning anti 

duration of infectivity of coc obeysts, their disp<,*rsai bw 
insect jarva3 tfec.,and the effects of various reagents on the oucyits; 
The distribution of the parasites within the hast was givmuiml 
the results of the transmission of Grouse coeridiosis t-o yonnfi' 
fowds and pigeons were set forth. ■ 



“ oii iJ'io UIooc! of Clronso’-' were discussed l:>y tlie 

jiiiilifvi* ill l-lie fourfcii luid ],n>st po-per. . The \^*xri.oiis blood -cel Is'were 
<b'st*ri.bi‘<J, iiiid ilio r<:\siilts of lilond eotnite {botlrof red cells and 
of Icncoejtos d ill Vito, i(ially) of beidthy ami disoaKed birds were 
M'd:. IVirtJu jbitb (‘oecidiosts mid. strongylosis produce amemia, and 
I lie presencf^ of varions parasiies is also a.ssocia,ted with nimiericid 
difliirtmces in the leucocytic elements of the blood., 

rtr. W, .A, ■ (.h‘,NXTX(:n’o;Nr, F,i!5.S,, coinniuiiicated a paper by 
iV'of, (■[. i), Baks, (bAf. 1^.8.,, ('on'ta ill ing the Iloport on, the Ostra- 
{‘rula. (‘olli^ct.ed by the Third Tanganyika Expedition during 
liKM: IbOb. ■■ 

Dr. A. "Woodwaim), F.l’l.S., commnnicated a paper by 

Dr. 1:1. BnoonT, “On Tritylodo'n^ and on the 

lli'l:tl:.ioiislii|:is of the .Mnltitaliercnlsita,” The author Iiad I’e** 
irsaiuimrl tlio type and only known specimen of l^riiylodon^ and 
in <me or two points came to diffei'enfc conclnsions from Owmn 
and Rindey. The large :(iat piece of bone which forms the upper 
part of the ;sii()nt, regarded liy both Owen and Seeley aiS' the 
froni'ial,,"wa,B believed to lie tlie upper part of tlie nsisal. Tlie .sup- 
posed paiaeta.l ,WAis lield to be the .frontal. No distinct prefrontal 
could 1)0 made out ; lint there wns believed to be a large distinct 
.sciptoiiii.ixi.llaiy, , , tlental fonnula, W'as lielieved, to be m\ 
instead of, as sipiposed by Owen, r r/vd. 

Oidley’s I'ecent }>a]>er on. IHilodns was criticised at some lengtfi, 
and an (m<lea,vour uiaile to controvert Ids conclusioii tint Ptihd'us 
is a.lljod to t],u,wl)ipr()todont Mai‘suphils. 

I t was lield tba.ti while the Miiltitulicuxnilates ar doubtless very 
unlike tim b'ving degenei'ate Mo.notrcmes, they a.re more 'primitive 
tlian thc^ A! arsu] liii Is and not at all closely allied to tliein, and 
tlisit till the (‘.vidence of their affinities is much gi'eator tban at 
laosenti tluy may ivell lie left as an indepetulent order. 


Tlie nlfKt 'M.'cetii!g’ !)!■■ the H<)ciety- for Bcienfific Business wnll, 
■bo ,f,iehron TiuAsiky', ' the, 24t].i May, '1910, , at }ialDpa,st Eiglit.' 
cAh.:)('fk' ''FlM., W’licn ' tim'd following, communications wi.!! be 

lIMlde ■■ , „ ■„ ;■ ' ■ 

L D. iX Lfuan.B.A. 

Observations on'.the .Aiiatomy 'and '(.general Biology of some 
Members of the ha‘g0r''Ce'tacea'v 
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2. C. F. Eoussklet, F.EJ'LS. 

Zoological Eesiilts of the Third Ta..ngo.i;iyika, Ex|:}Oflit,io,ru 

conducted by ■ Dr. W. A. Cmmiiigton, F.Z.S,, 11)04 11)05.— 

Report on the Rotifera. 

3 . J ames Ritohie, M.A., B. Sc. 

The Marine Fauna of the Mergiii Archipelago, Lower 
collected by Jas. J* Simpson, M.A,, B.Bc., find Ih N. iludino.sfr- 
Erowm, D-Sc., University of xlberdeen, February to Ma.}', 11)07. 
— The Hydroids. 

4. Ja m:ks Ritohie, M.A., B.Bc. ■ 

Hydroids from Christma.s Island, Indian Chicaii, collected by 
G. W. Andrews, D.Sc., F.R.B., F.Z.B., in 1908. 


The following communications have been received • 

1. F. E. Beddaiii), M.A., F.R.B. 

On ' tlie Alimentary 'Tract of certain Birds, and, on t'hc 
Mesenteric Relations of the Intestinal Loops. 

2. ;R. L POCOOK, F.L.B., F.Z.S. 

On the Cutaneoiis Bcent-glands of Euminnnts. 

3 . R/ LYXmKKEE. , 

On a. Pair of Wapiti' Antlers and a new Mtintjae. , 


,, ChmmiinieatioiiR in1)ended for the Bcicni.iflc kL-O.iiigs of the 
ZuoLtKMCAn BotJiETY OF LQN-no]^ should bo a.ddrossod i,o 

, hp.AlHA:LM:ERB Mm 
; '3 Hakovkii B(juAm3, Lon:don, W. 
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May 24tli, 1910. 


Dr, Woobwaed, F.E.B., Tice-Pxx^sident, in the Chair, 


Tlio Miniites of the last' Scientific Meeting 'were confirmed. 

Ifiio Si'JcniiSTABy rea,d a lleport on ' the additions tliat had been 
made to the Society's Menagerie during the month of A.pril,191()„ 

'Mr. EiiNBS'r CjIbsoh, P.Z.B,, exhibited a skiix of .Falk gmffroyi 
a.nd made 'so„tri,o remarks on the distribution of the animal. 

M't\ I). Ch 'iiiLLiEj B.A.., read a paper, comiinmicated by Dr, IL 
C’Udow, If.E.S., 'F.Z.B., entitled ‘‘Observations on the ' Anatomy 
jind (lenera.1 Biology of some Members of the larger Cetacea/^ 
papcjr was tlie outcome of. seven weeks spent .'at . the 'Irish 
w.hiili.ng station during the summer of -.1 909. , Tim object of' the 
visit was tiO nmke a preliminary survey of the opportunities, which , 
are in)'W ofiored. for a 'study. of - the larger,. Cetacea .by. the. recent' 
estnhlisliment of 'wlialing ' 'stations ofi‘.. the, shores of the' I^ritish 
Islen. It wa,s pointed out that hitlieito our knowledge of whales 
had hreii chiedy dorivG^d from the examination of stmnded speci- 
OHMis, which laid often reached an advanced state of decay ; 
wlui’oa.s it was now ]K)SHible to obtain a plentiful supply of large 
wha.IrH Fairly msar at liaml wliioh were sufficiontly fresh' for histo- ' 
logi(*al Stanly. It was particularly desirable to increase our know- 
D<igc^ of la,rg(.u‘ Cetacea . befo, re... .these niucdidiun ted .animals,, 
lH»aui}0 ioo scjircij. A., list was given of the, species' ■captured"at 
i,lie Irish station dt'iring the two years of its 'exi. 8 teii,e 0 , with. notes' 
on ih(^ species Jkd(Enopiera'fmM(nikm''lMm*r--I^^^^ 'Gray, and 

whielpwere seen by tli.e author. 


^ Tl'iia AbKtnirl In publidiecl by.'the S.odefy,8.t S.IIaaover. Si^.'uare,, Lotwlon 
W.. Ml t-liii Tuesday folkmiug tlic dafco of Meeting to wbich it reforB. It will 
bo »«wh along with ilia D^pocc0d'mgs,*'free''of exfcnt, to all Fallows who 

i-uliKcriba io the XhibU(‘ati(m.s ; but it may be obtained on the day of publication 
at t>h<^ \me,o (tf Sixpencr, or, if desired, sent post-free for the sum of /SVa’ 
tShilliHfjn per ,m.|.nim.i,, payable in advance* ■.' 
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Tlie paper also co'ntained observations on tlie occurrence of 
hairs in wiiaies ; the auditory organ of tlie Jjalmioptera ; tin > 
asyinmetiy of the odontocete skull; and a few I'eniarks upon tlie 
habits of whales. In conclusion, attention was called to tlie |yi*esent 
difficulty in obtaining information ns to their method of copula • 
tion, period of gestation, rate of breeding, &c., ami a ineaiis of 
overcoming this difficulty was suggested. 

Mr. C. F. Eousselet, F.E.M.S., read a paper, coniniiiiiicitterl 
by Dr. W. A. Cue'Nington, F.Z.S., on the collection of Eotifei'ii 
made by the Third Tanganyika Expedition, 1904-1905. Amongst 
the specimens brought back by Dr. W, A. Cimningtoii 'were a 
number of tubes containing fine surface plankton nettings from 
Tanganyika and other lakes of that region. These the author 
searched for Eotifera, and the result was contained in the present 
paper. From Lake Tanganyika only 1 1 species were olitained, 
ail already known in otiier parts of the world ; wlii]>st tlie Biviyr 
Lof u, which eiitei's the lake at its south-western cornei*, yielded 
23 species, one of which is a very remarkable new kind. In 
Lake FTyassa only 6 species -were found, and a single gatliering of 
Victoria Isfyansa yielded 9 species. This collection is interesting 
and important froiii the fact that no previous record of Eotifera 
from Lake Tanganyika had been made, and veiy few species were 
known from the Central African Eegion. 

A complete list of species of Eotifera vso far known from tliis 
region was appended. 

Mr. E. Kibkpatrick, F.Z.S., communicated two papers by 
Jambs Eitchie, M.A., B.Bc., of the Eoyal KScottisli Museum, tai 
the Hydroids of the Mergui Archipelago, collected by Mr. J. J. 
feimpson and Dr. E. hT, Eudmose Bi’own ; and on the Hydroids 
of Christmas Island, collected by Dr. 0. W. Andrew's, ‘F.II.B. 
Tffie chief interest of these two papiers was f-vunistic. In (ihc 
former 30 species were recorded, in the latter 13. It was 
apparent Hiat the^Hydroid;. fauna of the Eastern hiilhin 0mm, 
of which hitherto^ little had been known, lacked, distiiictiiess, a rid 
that its closest ailinities wein with' the faunas of tlie !:ieiglil:K)ni‘ir:i|'* 
Makiy' Archipelago and Australian areas.', 



The iiext Meeting of the Soeiet3^fDr Scientific Business (closing 
t.lse Session IDOh-llilO) will beheld on Tuesday, June 14 tl;i, 1910 , 
jit lijilf~pn.st Might oVdoek .p.m,, when the following cornmunicatioiis 
will 1)0 :rn,!:ul0 : — 

L IL L PocooK, F.Z.S. 

On the Cutiinoous Bcent-glands of Ruminants. 

2. R. Ijydeiokeu. 

(,)n a Pair of Wapiti Antleivs a,nd a new Mnintjae, 

2. R. Lydekkeil 

On I’liree African Biiflkloes. 

4. A. CABTtBEA, (IM.Z.B. 

Oil 4 \vo new Antelopes. 

5. .Or. E. ,A,. Wilson, F.Z.S . 

'riie Plumage of tihe Gi-ouse. 


I’he following (;ornniunication lias been i*eceive<l : — 

M. BEX).i.)A.:iii), M:.A., F.R.B. 

On the Alimentary 1'ract of eerta.in Birds, and on tlie 
'Mr'iseirtim’ic Relations of the Intestinal ’Poops. 


Ijiiiiiniunifiitioim intended; lor the Scicmtific Meetings of tlie 
M«a)rA>(:nc!Ai* SiK;a;i'yiwa)iiwLoxiK)N s hcMiddressed to , , 


p. o:i::1,a:lm,mrb mjtcherl, 


j |;lA;so'VE'iiRQ'^^A,EE,.LoNnuN, W\ 

■ 'May ■ ■ 
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ABSTR.i(Tr OF TEE FROOEEDINOS 

Of THE 

zooLo«n:c.\L socieit of London." 

June 14tli, 1910. 

])i'. S. F. Harmer,_M.A., P.R.S,, Vice-President, 
in the Chair. 


1,'h0 Miiiiit.es of the last Scientific Meetiii,g were con finned. 

''file Bkciiei.’AHY read a Keport on the additions that had lieeii 
niaiio to tlie Society’s Menagerie during the month of May 191,0. 

M:r. ,R. I. PooocK, F.L.B., exhibited drawings to 

illnslirate a.n apparently unrecorded instance of ant-mimicry by 
1:.he lairv© of a species of Altmiis from Axim, on th,© Gold, Coast* 

l\Tr, It. 'L PodooK, F.L.B., F.Z.S., read, a paper ‘H}n tive 
Cut,.!UM,*'OMS S(,‘ont-"glani,ls of 'Ruminants,*’ based prim^ipally iij;)o:u ' 
woi'k dorm fit. tlm ,P,r(>s{3ctoriuni o.n animals ti,m.t had c'iiod in tlm 
Gardtms. ’rim pspor was illustrated by lantern-slides sliowing 
the mncroHcepic structure of th(3 |ireorbital, inguinal 

and ofJitu' specijilisal glands of most of the genera of this group 
of U ngntites. ’I'lie author pointed out that tlio structure of the 
feet, wlu'tiuM’ fiimished with special glands or not, supplic^l 
vnluahle i.hita for classifying the. genera of Antelopes aiul .1 )(ru‘; 
end showcil tlmt with sorntrniodificatioiis,^ such as the rtmmval of 
7r/rfurro,s- froin 'the Cephalophi;rim -to 'tlie ’Ihagelopliiiae, i>i' 
Dnreoln^ifHH fri,nn tim, .Aiitilopirue .'to ;t}.i6 ,'H(3c)tn;igin{:e,; and'VO.f 
and JApyiU>^rm, hova tlio .Antiiopime, tlie sub- 
hunilics u^e,'u,■illyaM,ll^^itte(I were valid groups. ' In the case cd’ ihe 
|)v<‘r it was intm/esting to iK)te that AiccemM, fUaphimuH, 


'IhiM Abrtiraci ia 'publiahed' by tha ■Sc>ei«ty,a.t'-id:Ianov'er Square, Loudon, 
\V., on tliu I.lu‘aluy lulbaviag the date of Mwtiwg to which it reibrH. It will 
1 h! jK.urih along with Ihe ‘ Proceedings,’ free of extra charge, to all ,,Polh)\v« wjjo 
f-uhH.nnbe tu the Pubiieations *, but. it may bo ohtuiiad ou the day of publiwu-ioti 
at the et'ie..? <>f ^Lrjnmcei or, if doairod, post-free for the sum of ^SV.r 
NhiUmip per amuuu, payable in advance. 
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jirki-l Sikci were closely fillied to Zkiwffi lieiiig" ii Itui/Jilly 

(Hstiiicfc type. Axis and JlyelapJvus belonged Jio iinoidic^r group, 
v/iuie Ikmfpjhr, Akes^ and CkcpreoliM, a,s Bii’ ?irt"0!' 

l)e]onge<l to tlie section t^ypil'ied hy lAriXxZipkiis^ J/avofi/o/.. 
Mini <')tiier American Deer. 

Mr. It. Lydekkeu e()mmnniciited a paper n. jind 

a Mnntjae,” in wbieli be described two 'Wapif.i a.ntif^rs I'ltnn Tibet 
M,s C&rvus eauademls waxdi; and a Miinitjac fr«>in Amovc'i, 
j],s fkmdns hridyefnmi-L Tbe latter was cbaracf'eriscMl Fty ilr; dcrlt 
Mackis'l'i-olive colour, tlie black ears of tl.:ie i'etmib,-* aj::id tiie yt'lbsw'' 
ones of' tlie male, coupled with tlie relatively 'wide di\"'ergeiu‘f' <»,}• 
the antler-pedicles. 

'M’r. ]'l. Lvdek'IvEr also presented a pa.per 'A)!.) Tlrrct' Afrieau 
ibitia.hses.'’ 

])r. A,„ CAiniiciiA, G.M.Z.S., contnunneated a I'Kiper ‘A,)n Two 
luwv .A'litcdojjes,” in. wlii(d'i he d<,.*scrib(‘d a rirnv s|,f(;H,‘ies erf /)f/nne- 
llws from Britisli Etist Afi'ica and anew (jiiamois lV(a;»i ,'N'oi'tb 
Hptiiii, 

Mir. W. Tl. 0(tnAu:E'd,lu.AKT, F.Z.8., connninncalaMl ji |i!i|'ser ty 
]”)r. E. A, 'V\bi.LSON', lAZ.S., .Field 01)serv(:'r to tla:‘ (iron.s«:‘ I'Hseasti* 
Goiiimittee, entitled' ‘^Changes of .-Plinirngt^ in tiie Ib'd, (frouho 
\Ijnppm'' sfxdAms) ill a..nd I'llsease,’’. 


IT is Meeting (d'oses tlie Hessior'i 1 1)09 ■ -1 91 0. The, noKt. '(\1 ctd itig 
of i]:n:r Soei(?1:y Jnr Bc'ienlviiic .Ikisiness w.iil be lieiii on' 'Fuesday, 
...Novcniljcr J.btlg ID'K), at Iia-lf-pmst Eig'lit (j clock tAM. 


TI]eTc)||(:twing lAtperS' have, keen ■■recelvetr:— 

"1. :FyF. Beddaiid, M.A., F.1LB., FZ.S. 

On the Aiinien1a,ry^Traet of certain iliiilsA ■ arid'nnr'P^^ 

;/ '/^fcscni/eikt'ikdatioiis.of tbe ■’/' ' 
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'■€{:»!! jjaiiiination of tlie Heinisplieres of Papw 

A (1ty!it,rij>ut,ifyn to oiir Knowlo<lge of tlie Developioeiit <>f 
the Ih'ji-iii tiinl of the' 'Nose of 1.110 Orocodi'le, Chvco(!Mus pf/ros'iis. 


(to!rrijniviie..‘ljh)T.js iBt.ejided for tlie Beientiiic Aleetings of the 
Zoooooic'Aii 8 oo!'B'!'v OF .LoN']x>K sliould lie addressed to 

I\ CH:ALM:SIIB MITCHELL,, 

f^ecretariu 

3 iiAXO'vs^iR Bquaee, London', W, 

Ixwc? 314 , 1910 . 
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